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HAPTER I. INTRODUCTION AND SUMMARY

ater in Sonoma County has been increasing steadily

years. Today, with more than 10,000 water wells
he county, ground water continues to be an impor-
source. Ground water in Soncma County is used

for domestic, municipal, industrial, and agricultural purposes.

Municipal water
.and Petaluma ar
vided by the So
Healdsburg, 3Seb
ground water.,

The continuing
panied by an in
In order to obt
the Sonoma Coun
of Water Resour
the ground wate
on this resourc
by individual 4
requested by th

water purveyorsl;

systems; (3) th
transmissicn, a
and bacteriolog
identification
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The study was ¢
two goals, Fir
the county will
guidelines and

of the ground w
Second, the fac
ensured that pl
that local agen
with the result

Sonoma County i

on Figure 1. S
of 50,006. The
area, and is se

two scheduled a
Petaluma (popul
Sonoma (populat
tion 3,993), He
(population 3,2

needs of the cities of Santa Rosa, Cotati, Soncma,
e met primarily from surface water supplies pro-
noma County Water Agency. The c¢ities of Cloverdale,
astopol, and Rohnert Park rely principally on

population growth in Sonoma County has been accom-
creasing stress on the ground water resource.

ain better information on which to base decisions,
Lty Planning Department requested the Department
ces to undertake a cooperative investigation of

r resource of the county, including the effect

e caused by urbanization in rural areas served
omestic well and septic tank systems. Information
e county included (1) the identification of all

; (2) the identification of all sanitary sewer

e geologic parameters involved in the recharge,

nd withdrawal of ground water; (4) the chemical
ical quality problems in the county; and (5) the
and evaluation of the various ground water basins

onducted on a cooperative basis and accomplished
st, the study developed ground water data that

need in order to implement water development

The Department will need to evaluate the extent
ater resource for use in statewide planning.

€ that the study was undertaken cooperatively
anning would be based on local conditions and

icies would be involved in the effort and acguainted
g and the bases upon which they were reached.

Description of the Area

s situated north of San Francisco Bay, as shown
anta Rosa, the county seat, had a 1970 poprulation
city is the center of commerce of the North Bay

rved by U, S, Highway 101, two railroads, and
irlines. Other population centers include

ation 24,870) in the southern part of the county,
don 4,112) in Sonoma Valley, Sebastopol (popula-
al?sburg (population 5,438), and Cloverdale

51).




An additional 6.64 percent of the county has soil conditions
which may be acceptable for septic tanks, but on-site tests
should be required to determine if this is the case. The
remaining 92.75 percent of the county is underlain by soils
that are totally unacceptable for the satisfactory placement
of septic tanks and leach lines due to inadequate percolation
rates, steepness of slope, depth to rock, or depth to water.
Recommended acceptable areas for septic tank siting are
presented on Plate 2.

Ground Water Resources. Seven ground water basins in the
county have been identified; these comprise 16 percent of
the total area of the county. Adjacent upland ground water
areas, underlying an additional 26 percent of the county,
also have been identified. Most of the 10,199 identified
water wells are located in these seven ground water basins
and in the upland areas. The average depth to water was
tabulated for each secticn for which water level dafta were
available. In many cases, adjacent wells of differing
depths had markedly different water levels.

Well records dating back to 1949 show that there have been
few significant changes in water levels over the years.
Natural recharge areas were identified in the valley areas
of the Russian River and Dry Creek as well as the hill area
southwest of Sebastopcl. Previous studies of this latter
area indicate that its recharge capability is about 21,000
acre-feet per day (26 cubic nhectometers per day).

The density of water wells, as well as the percentage of
wells with sanitary seals, also was determined. In several
mile-square sections of land, there are more than 100 water
wells; one section southwest of Sebastopol contains 180 water
wells. 1In many sections with numerous wells, less than half
of them have sanitary seals.

In Sonoma County, there are at least 400 springs, many of which
yield potable ground water. There are also thermal springs
which yield highly mineralized, unpotable ground water.

The total amount of ground water in storage iIn Sonoma County
was determined thrcough the use of a computer-assisted program.
The program indicated that there are about 19 million acre-
feet (23,000 cubic hectomefters) of ground water in storage.
However, usable storage capacity could not be determined due
to a lack of adecguate data on recharge, transmissivity,
pumpage, and safe yield.

Water Quality Hazards. Most ground water developed in
Sonomsg County 1is usable for domestic purposes. Only in

a few areas are chemical constituents present which render
the water unpotable. Boron is present in the water from

a number of wells; this constituent, although not a hazard




Ground water ik an important resource
" rural areas are entirely dependent on
ground water for storage in combinatio
may provide more efficient utilization
18 a need to c¢ontinue the current inves
additional ground water data,
storage capacity, ascertain th
ground water basins and contig

water resources management plans for Sonoma County.
should include

1.

to drinking water, may be injurious to toxic to a variety

of plants |and trees, Sodium, which also is an agricultural
hazard, ig present in a number of wells throughout the county.
Water used for domestic purposes decreases in quality with

an increase in salinity, iron and manganese, hardness, and

total disgolved solids. FEach of these four hazards was found
in certain localities in the county.

Study Continuation

in Sonoma County. Many
ground water. The use of

n with surface water supplies
of water resources. There
tigative effort to develop
determine the usable ground water

e dynamic response of the variocus
uous ground water areas, and develop

The program

Establishment of the following pricrity for the further
investigation of the various ground water basins because

usable grouynd water storage capacity could not be determined
during the |present study:

Group I: Santa Rosa Valley (including Dry Creek and Rincon

Valley), Petaluma Valley, Sonoma Valley, and the
Kenwood Valley-Glen Ellen area.

Group II: |Alexander Valley, Knights Valley, and Lower Russian
River Valley.
Group III: Ground water areas outside of boundaries of ground
water basins.

Investigation of the Group I basins s
of the entire geohydrologic system an
capability ¢of the aquifer system to s
other high dlemand, water systems,
Groups II and IIT basins and areas

fication of |the aquifer systems and
use of ground water.

hould include the study
d an evaluation of the
upport municipal, and
Investigation of the

should include an identi-
an evaluation of efficient

Establishment of a network of monitori
density to provide data on the identir
tion of the pPotentiometric surfaces of

systems and |the determination of the di
water flow in them.

ng wells of sufficient
ication and configura-
the various aguifer
rection of ground




Development of mathematical models of the Group I more intensely
developed basins in order to evaluate alternatives to meet

the water demands of these basins to the year 2000. Data

needed for each model ineclude land use, water use and pumpage,
population prcjections, precipitation, aquifer character-
istics, and transmissivity values.

Development, testing, and evaluation of conjunctive use plans
for the Group I basins and recommendation of the type of ground
water basin plan most appropriate for each basin.

Bevelopment of hydrologic data as in No. 3, above, for use
in estimating usable ground water storage and safe yield in

less-developed basins where the development of a ground water
model is not justified at this time.

Identification of natural and artificial recharge sites and
determination of their infiltration characteristics. 3ources
of water for recharge (both natural and treated) should be
identified and evaluated. The effects of artificial and

natural recharge of water on ground water withdrawals should
be evaluated.

Additional study of water quality problems, such as iron

and manganese, should be made to determine their cause,
effect, and remedy,
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CHAPTER II. GEOLOGY AND HYDROLOGY

the geologie and hydrologic aspects of Sonoma County
ional basis for the evaluation of the various ground
ErSs .,
se of ground water can be made,
erices 1s necessary.,

Before decisions affecting the mode, cccurrence,

a knowledge of these

A Fundamental Part of Ground Water Studies

Ground water ¢
earth. It is
be seen flowiry
Certain propex
the ability of
in, or be exty
of geology is
ground water f
A basic part g
the preparatig
rock type. In
the undergroun
properties of
ation of groun
the identifica
recharge, and

Geologic Formg

racted from the ground.

3

iterpretation of the ma

rxists at many places beneath the surface of the

normally hidden from view but, on occasion, can

g from springs and wells or seeping into tunnels.
rties of the various geologic materials control

v

ground water to enter into, move through, be stored
Therefore, an understanding
necessary in order to gain an understanding of

ound within a particular area of investigation.

f the study of the geology of an area includes

n of a map showing surficial exposures of each

p facilitates the study of

d configuration, characteristics, and physical

these materials. This, in turn, enables the evalu-
d water storage, movement, and yield, as well as

tion of areas of ground water quality problems,
extraction,

tions

The fundamental
tion. A forma

which have some character in common
or composition|.

any naturally
hard, dense gr
cohesive soil.

The rocks in 8
rock groups, v
rocks were for
lization of mo
and extrusive.

spoken of as it

that can be se

the granitic ri
surface, such ;
being extrusivs

1 unit of a geologic study is the geologic forma-
tion has been defined as any assemblage of rocks
» whether of origin, age,

In this sense, the term "rock" is defined as
cccurring part of the earth's crust, and includes
anite, lava ash, clay, sand, and even loose, un-

pnoma County have been divided into three major

1z. igneous, sedimentary, and metamorphic. Igneous
med from the cooling, solidification, and crystal-

Lten magma or lava and are of two types, intrusive

When formed at depths of several miles, they are

ntrusive. These rocks contain mineral crystals

en by the unaided eye and are characterized by

bcks exposed at Bodega Head. When formed on the

a8 a lava flow, igneous rocks are spoken of as

2 Most crystals in this latter rock type are

s




periods have been further subdivided into epochs. Present-day
time is included in the Holocene Epoch, which goes back 10,500
years.

Another way of looking at geologic time since the beginning of
the Paleozoic Era i1s to compress it into an imaginary one year

of time. Were this the case, the Paleozoic Era would have lasted
eight months and the Mesozolc Era another three and one-half
months. The Ceozole Era would have begun during the next-to-
last week of the year. The entire history of man, stretching
back over 2,000 years, would have been allowed only about 15 min-
utes at the close of the year.

Figure 2 presents a stylized view of geologic time showilng the

“significant events and creatures of geologic history. Figure 3
is a geologic time scale showing the relative time position of

the various geologic formations in Sonoma County.

The Relationship Between
Geologic Materials and Ground Water

The geologic formations which underlie Sonoma County can be
divided into two basic groups, viz. water-bearing and nonwater-
bearing. A water-bearing formation is one that readily absorbs,
transmits, and yields usable quantities of ground water to wells.
Conversely, a nonwater-bearing formation is cne that yields only
limited quantities of water to wells. In some cases, nonwater-
bearing formations can yield mineralized, unpotable water. With
but one exception, all of the water-bearing formations of Sonoma
County are of Cenezolc age. Furthermore, nonwater-bearing rocks
are all "hard rocks", that is, they are consolidated and massive.
Conversely, most of the water-bearing rocks include soft sand-
stone, clay, alluvial soils, and river gravels.

Nearly all of the materials that make up the water-bearing forma-
tions have open spaces containing ground water. The size of
these openings ranges from minute pores in clays to intergranular
openings in deposits of sand and gravel. The porosity, or per-
centage of the total volume of the openings, is not necessarily
indicative of the ease with which ground water moves through

the material. 1If the openings are very small, or if they are

not connected, the material has a low permeability. Materials

of low permeability, such as clay, transmit very little water.

In contrast, materials of high permeability, such as river gravel,
yield large amounts of ground water. A geologic bed, or stratum,
which readily transmits ground water (i.e., has a high perme-
ability) is called an aquifer. In contrast, materials which
contain ground water but cannot transmit extractable quantities
(i.e., have low permeabilities) are called confining beds.
Certain strata can act as aquifers in one area and as confining
beds 1n another area because of lateral changes in permeability
resulting from changes in the physical characteristics of the
materials.

10
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Ground water exists in two zones beneath the ground surface, as
shown on Figures U4 and 5. The upper zone is the zone of aeratlon.
Here, most openings in the geologic materials are partly filled
with air and partly with water. Wells do not produce ground
water from the zone of aeration because the molecules of water
adhere tightly to the various geologic materials. If perched
ground water occurs in the zone of aeration, it is contained in
an isolated saturated zone which is separated from the main
ground water body by an underlying impermeable stratum. Well "g"
on Figure 4 represents a well producing from a perched aquifer.

In the lower zone, Or zone of saturation, all of the interconnected
openings in the geologic materials are filled with ground water;
little or no air is present. Ground water exists in thls lower
zone under either unconfined or confined conditions. An aquifer
containing unconfined ground water is one that is not overlain

by a confining bed. The upper surface of an unconfined body of
ground water is called the water table., It 1s represented by

the level of water in a well tapping unconfined ground water.

Well "D" on Figure 4 represents a well producing from an unconfined
aquifer. Unconfined ground water moves very slowly in the direc-
tion of the downward slope of the water table.

A confined aquifer is one that is overlain by relatively imperme-
able material and is isolated from overlying aquifers except in
areas of recharge. GOround water contained in confined aguifers
is under pressure, and the level to which this confined ground
water will rise in a nonpumping well is the potentiometric surface
of the ground water. This latter is an imaginary surface that
represents the upward pressure exerted by the confined ground
water on the materials overlying it. Where the potentiometric
surface 1is below ground, water will rise in the well to some
point above the top of the aquifer, as represented by Well man

on Figure 5. If the potentiometric surface is above ground, the
well will flow as represented by Well "C".

The stratification of aquifers and confining beds is the result

of deposition under continually changing environments. Coarse-
grained deposits, sand and gravel, are laid down along stream
charnels. They are coarsest at the apex of alluvial fans and

become finer-grained the farther removed they are from the mountains.
Silts and clays are depcsited by slow-moving streams, in flood

arecas adjacent to active channels, and in lakes, swamps, and bays.

Hydrolegy: From Precipitation to Well

The earth's water circulatory system is known as the hydrologic
cycle. In this cycle, shown on Filgure 6, water evaporates from
the ocean and other bodies of water; it is also given off into

the atmosphere by plants. This water collects as clouds and then
returns to earth as precipitation. The precipitation either forms

12
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THE HYDROLOGIC CYCLE

surface runoff or infiltrates the ground water body. In time,
runoff and ground water collect in bodies of water and the cycle
begins anew.

The pattern of movement of a particle of water from the time it
enters the ground to the time it emerges, either naturally or from
a well, is controlied by the subsurface conditions encountered.
Upon entering the ground, the particle of water moves downward
through the zone of aeration and into the zone of saturation.

This happens whenever water from precipitation, streamflow,
applied irrigation, and all of the other various sources moves
into the ground through the open spaces in permeable materials.
The area over which this is accomplished is called a ground water
recharge area. These areas may be found on mountains, along
foothill slopes, and on valley floors. In Sonoma County, important
recharge areas occur along the channel area of the Russian River.
Here, the deposits are very permeable, allowing for the rapid
infiltration of water down to the ground water body. Water flows
over these recharge areas during the entire year, affording a
continual replenishment tc the ground water body.

14
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Water Well Numbering System

The water well
on the rectangu
Sonoma County w
of 25 land-gran
and Pomo Indian
and "yome", fla
explorer Juan Fi
names, such as |
rancho land graj
were later surve

numbering system used in this bulletin is based

lar system of subdivision of publie land. When

as first settled, most valley lands became parts

t ranchos. Rancho names ranged from those of Miwok
derivation, such as Petaluma (from "peta", place,
L), to surnames such as Bodega (named for Spanish
rancisco ‘de la Bodega) and Spanish descriptive

igua Caliente (hot spring). Lands outside of the
tts later became identified as public lands. These
eyed into townships of 36 square-mile area and
referenced to the Mount Diablc Base and Meridian. Each township
was divided into 36 sections of roughly one square-mile area.
Because land-grant areas do not have township and section lines,

these have been|projected across for the purpose of numbering
water wells.

A state well nup
and its section
located in Towng
rlaces the well
into 16 quarterd
identified by a
Tract "G", which
of the northeast
sequential numbg

nber has two basic parts, its township location
location. For example, Well No. 7N/8W-17Gl is
ship 7 North, Range 8 West, and Section 17; this
west of Santa Rosa. Each section is subdivided
rquarter sections (40-acre tracts); these are
letter designation. This particular well is in
1 also can be described as the southwest-quarter
—quarter of Section 17. The final number is the
'r within that particular tract.
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Physiography of Sonoma County

Sonoma County is situated in the Coast Ranges Geomorphic Province
(refer to Appendix B for definitions of geologic, hydrologic,

and related terms), which is characterized by northwest-trending
mountains and valleys. The topography of the county ranges from
low-1lying mud flats along the north shore of San Pablo Bay,
through which Petaluma Creek and Sonoma Creek move sluggishly,

to Mount St. Helena, which frequently is mantled by snow in
winter and has a crest elevation of 4,343 feet (1,324 meters).
(Refer to Appendix C for English-Metric conversion tables.)
Major mountain areas include the Mayacmas Mountains-Mount St.
Helena-Sugarloaf Ridge zone, which forms the eastern boundary
with Napa County, the Sonoma Mountains which separate the Santa
Rosa Plain and Sonoma Valley, the rugged mountainous area between
Healdsburg and the coast, and the low, rolling hills west of
Sebastopol.

Six major valley areas contain the prineipal population centers

of the county. In the south part of the county are located Sonoma
Valley, drained by Sonoma Creek, and Petaluma Valley, drained by
Petaluma Creek; both of these streams are tributary to San Pablo
Bay. To the north are the valleys of the Russian River watershed.
These include Cloverdale Valley, Alexander Valley, Dry Creek
Valley, and the Santa Rosa Plain. Smaller valley areas include
Rincon Valley, Kenwocd Valley, and Bennett Valley, all tributary
to Santa Rosa Plain, and Knights Valley and Franz Valley, which
are tributary to the Russian River.

Geologic History of Sonoma County

The known geologic record in Sonoma County begins with rocks
which date back to the middle of the Jurassic Period, or about
150 million years (m.y.) ago. Events which took place during
the hundreds of millions of years preceding this period have
been obliterated by later geologic conditions. During the some
125 million years from the Jurassic Period to the middle of the
Tertiary Pericd, the area now known as Sonoma County was a part
of the sea floor. At times this floor was covered by many thou-
sands of feet of water teeming with all varieties of marine life.
This sea floor continually received sediments from neighboring
lands to the east; all the while, at depths of several miles,
vast masses of molten magma slowly migrated upward to solidify
as crystalline rock.

Near the end of the Miocene Epoch (12 m.y. ago) forces deep within
the earth began forming what are now the mountains of northwestern
California. These forces brought the ocean floor above sea level
and exposed the sediments to wind and rain, where erosion shaped
mountains and valleys. Continued mountain-building caused periods
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Geologic Formations and Their
Water-Bearing Properties

the geologic formations of Sonoma County yield water
l yields range from 1,000 gallons per minute {(gpm),
5 per minute (1/m), in wells completed 1In coarse-

21 materials to less than 1 gpm (3.8 1/m) in wells
nsolidated rocks., Wells with high yields usually
pf good to excellent quality; those of markedly

sy produce water containing significant guantities
mineral constituents,

this bulletin presents a detailed discussion of

o geology of Sonoma County. Included in the appendix
h of the geologic history of the area as it affects
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ground water, a discussion of each geologic formation along with
its water quality and water yielding characteristics, and finally
a discussion of the geologic structure of Sonoma County and its
effect on ground water quality and movement.

Data on the physical and water-bearing characteristlcs of each
geologic unit in Sconoma County is summarized on Table 1. The sur-
ficial extent of each geologic unit is presented on Plate 1;

their subsurface extent is shown in the geologic sections which
appear in Figure 7. Water guality data for the various geologic
units appear on Table 2, and well yield data appear on Table 3.
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Table 3

GEOLOGIC FORMATIONS OF SONOMA COUNTY

Stratigraphic Thickness

Belogic H :
Agl : Geologic Farmation : (feet) {mevers, Physical Characteristics Water-Beaving Characteristics
r_.. —
Bay Mud Depostts 9 - 200+ ¢ - 6o+  Drganic clay, silt, and fine sand; peat may tortains sodium chloride ground water; of
be prasent. very tow permeabiiity.
10 - 100+ 3 - 30+ Ynconsolidated to semiconsolidated ealian Dunes have excessive permeability. May con-
Sand Deposits sand. tain sodium chloride water.
Stream Channel 10 - 100+ 3~ 30+ Unconso)idated coarse sand and gravel occur-  Highly permesble; transmissivities on the
Deposits ring along Russian River and other streams. order of 850,000 gpd {10,540 m2/day). Quality
HOLOCENE of weter generally excellent.
Landst fdes to 200+ to 80 Unconsolidated masses of clay, rubble, and Of low permeability. Mey contain ponds in
rock debris in a state of nomequilibeium. head area; springs and seeps may octur at toe
ares.
1S
Younger Alluyium 30 - 300 70 - 90 Unconsol idated deposits of samd, s¥i¢, and Provides adequate quantities of ground water
clay with stringers of gravel. for domestic uses. Well yields range from 10
to 130 gpm (38 te 493 1/min) depending on
location, Mater is of excellent quality.
I ARluvian Fars 50 - 300+ 16 - 30+ Unconsclidated depesfts of sand, clay, and May provide adequate quantities of water for
QUATERNARY I gravel deposited by streams draining wost uses depending on focation of well, Well
| mountaing, yields range up to 600 gpm (2,274 T/min).
Quality of water is excellent.
|
| River Terrace 10 - 200+ 3 - §6+ Unconsolidated deposits of sand, gravel. Reported well yields range from 10 to 60 gpm
l Deposits silt, and clay. Usvally at higher eleva- {38 to 227 1/min}. Smaller terraces may con-
tion than adjacent river. tain 1ittTe ground water unless underlain b
9 ¥
[ water-bear ing materials.
I Marine Terrace 2% - 50 & - 15 Poorly consolidated deposits of silt, samd, Mot a reliable source of ground water. Many
t Deposits and gravel, terraces are thin and are drazined; a few may
yield small guantities of ground water to
I wells.
[ 0lder AFTuyium 50 - 500 15 - 150 emiconsalidated lenticular beds of silt, Not a prolific producer of ground water.
i tlay, sand, and gravel; hardpan may be Wells reportedly yield from less than 1 to
present. 30 gpm (4 to 114 1/min), Quality of ground
1 water is excellent,
Huichica 300+ 76+ Beds of reworked tuff, volcanic clay, and
: R - " A poer producer of ground water. Well yields
~ . Formation siit; pumice fragments in basel portion. range from 10 to 100 gpm {38 to 380 1/min) with
PLEISTOCERY drawdowns as much as 250 feet {75 m), Water
quatity is not as good as in overlying materials;
excessive sodium fon is present.
. Highly variable in water-yielding capability.
t l Glen flien 3,000 a0 Beds of consolidated clay, silt, sand, 2nd In Santa Rosa Plain, well yields are in range
I ' Formation gravel; lignite also is present. Some beds of 15 to 40 gph {57 10 162 1/min}; Sonoma
H
of coarse conglomerate occur. Valley wells yield somewhat less. Kells to
| | BOO feet {240 m} in depth yield good quality
i | water; nitrate ion may be present. Wells
deeper than BOC feet (240 m} yield poorer
| quality water.
wercea rormation 50 - 1,000+ 15 - 300+ Beds ur tine-grained samastone; shell beds A principal water producer in Sonoma County.
are common. Some beds of claystone and uells produce from 20 to over 1,000 gpm (76
volcanic material. to over 3,785 1/min}; drawdowns are usually
10 to 150 feet {3 to 45 m), Ground water
uswally is of exceilent quality; excessive
iren and manganese may be presenti.
gzl:az_ll:nch 20 - 160 6 - 50' Sandstome, siltstone, and conglomerate. Well yields range from 2 to 36 gpm (8 to 136
10 T/min); some wells go dry in fall months.
The quality of water is excellent.
: : . Well yield is highly variable, Most igmeous
Sonoma Yolcanics 1,000+ 300+ ’::led vz':;arnc n;nteria"l‘; cnns\s;mgder‘_ rocks are nomwater-bearing; certain zones will
TERTIARY PLIDCENE ows, dikes, plugs, and beds of andesite, produce from 10 to 50 gpm (4 to 190 Y/min}.
rhycl ite, basalt, tuff breccia, and tuff. Volcanic sediments may produce up to 50 gpm
Oiatomite and black volcanic sandstone i i g
h t {190 1/min}). Standing water levels may be as
atso present. much as 300 feet {30 m) deep, MWater quaiity
usually is excellent; boron concentratioms to
1 mg/1 have been reported
Petaluma Formatian 4,000+ 1,200% Deformed beds of claystone, shale, sand- Not a prolific producer of good quality water.
stone, and lesser amounts of conglomerate Many wells yield less than 30 gpm {38 1/min).
and }imestone. Ground water ranges from an excellent sodium
bicarbonate to a so¢ium and calcium chloride
water having conductivities up to 900 micromhos.
PALEGCENE  1ertiary Marine 1,000+ 00+ Sandstone and mudstone along coast; sand- Wells along coast yield from 0.2 to 37 gpm {0.7
to NIGCENE ediments stone and pebbly conglomerate at east edge to 140 1/min) of moderately hard calcium bi-
of county, Of marine origin. carbonote water.
S
76 to 227 1/min)
Dry {reek 5,000+ 1,500+ Indurated conglomerate composed of well- wells yiela from 20 to 60 gpm (
CRETACEOUS Conglomerate : rounded cobbles an¢ boufders in arkosic with drawdowns g 105 faat (32 m).  Ground wnter
sand matrix.  OFf warine origin. is an excellent quality
water.
Franciscan Forma- 20,000+ 8, 000+ Sandstone, graywacke, mudstone, greenstone, Well yi
r . - ields range ¥ 0.2 to 68 7
5‘?;‘ *"‘;EG"C'“ ' conglomerate, chert, and limestone, all 258 1?"-n'n). Weter levels ars as ﬂﬂﬂp(fs 123
U:di?ffereﬁ:::ct:ﬁ highly sheared, veined, and faulted. Of feet (48 m). Fany springs are present in out-
marine origin. crop area. Ground water ranges from excellent
quality at wells and celd springs to highly
JURA mineralized at thermal springs.
CRETACEQUS . - - s e
Serpantine 1 > Major Lodies of sheared and faulted ser-. May yield small gquantities of ground water.
pentine and reTated ultramafic rocks. Hater may be hiahly mineral ized.
Granitic Rocks ? 4 Deeply weathered quartz diorite occurring Some ground water may be present in fractures.
at Bodega Head, The quality may be atceptable for domestic use.
e
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Table
SUMMARY OF WATER

Range of Range of Range of
Specific Total Total
Geolegic Conductance Hardness issolved SaTids
Formation Area Water Types {micromhos) (ma/1) (ma/1)
Granitic Rocks Bodega Head Sodium Chloride 452 73 268
Franciscan Formation } { Cloverdale Catctum Bicarbonate 1230 445 685
and
Great Valley Seguence Petaluma Sodium Bicarbonate 860 5 497
Dry Creek Conglomerate Canyon Road Calcium Bicarbonate 418 168 267
Petaluma Formation Petaluma Valtey Sodium Bicarbonate and 601-1490 90-261 335-826
Sodium Chloride
Sonoma Volcanics Sonoma and Sodium, Magnesium and ?11-559 74-139 108-315
Hayacmas Mts. Calcium Bicarbonate
Ohlsen Ranch Formation Annapolis Sodium Bicarbonate 71-343 14-86 64-228
Merced Formation Petaluma Calcium Bicarbonate 308-978 139-390 230-592
Sebastopol Sodium Bicarbonate 91-584 6-128 93-440
Occidental Calcium Sulfate 427 149 296
Glen Ellen Formation Santa Rosa Plain Sodium and Magnesium 214-484 29-164 197-322
Bicarbonate
Alexander Valley Sodium and Calcium 350-551 18-114 222-400
Bicarbonate
Huichica Formation Ramel Rcad Calcium Bicarbonate 1780 182 810
0ider Altuvium Sonoma Vatley Sodium, Magnesium, and 340-1040 30-202 169-610
Calcium Bicarbonate
Lower Sonoma Sodtum and Magnesium 455-7560 104-2460 318-4110
valley Chloride
Windsor Sodium Bicarbonate 246-318 73-78 227-243
Marine Terrace Deposits Salt Point Sodium Bicarbonate 460 126 260
Alluvial Fans Petaluma Valley Sodium, Magnesium, and 422-732 8-170 170-462
Calcium Bicarbonate
Santa Rosa Valiey Sodium and Magnesium 474-816 160-268 321-432
Bicarbonate
Kenwood Sodium Bicarbonate 35t 162 262
Younger Alluvium Sonoma Valley Sodium and Magnesium 401-923 28-226 217-574
Bicarbonate
Petaluma Valley Sodiuwm, Magnesium, and 340-927 24-354 232-570
Calcium Bicarbonate
Lower Petaluma Sodiem and Magnesium 5,260-25,250 630-8,862 3,060-15,272
Valley Chloride
Kenwood Sodium Bicarbonate 146 40 176
Laguna de Sodium Bicarbonate 363 104 264
Santa Rosa
Russian River Sodium and Magnesium 312-439 86-208 191-230
Bicarbonate
Lower Russian Sodium Chloride 9,400 1,060 5,400
River
Lower Salmon Creek  Sodium Chloride 342 208 206
Dry Creek Magnesium Bicarbonate 282-324 105-138 181-203
Alexander Valley Calcium Bicarbonate 317-385 151195 189-195
Sand Deposits Bodega Head Magnesivem Ehloride 605 170 333
Bay Mud Deposits Lower Petaluma Sodium and Magnesium 2,060-4,010 294-1,270 1,130-2,520
Valley Chloride
Lower Sonoma Sodium Chloride 1,940-2,897 350-443 1,150-1,557

Vatley
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QUALITY CHARACTERISTICS

Range of CQonstituents (mg/1) Range of
Sodium
Na* HCO4™ - F NO5~ B : Percentage : Remarks
56 36 80 0.2 32 0.1 63 Spring-fed pond, abandoned nuclear power plant site
41 612 9.3 0.2 0 0.7 16 Alderglen Spring
185 318 60 1.7 0.4 0.8 99 Li = 0.05
20 188 7.9 0.6 i} 0.1 20 As = 0; Li = 0,02
95-256  245-494 48-264 0.1-0.4 0,1-16.0 0.13-0.79 58-79 As: 0.0-0.03; Li: 0.03-0.06
7.4-75.0 126-260 2.3-46.0 0-0.5 0-11 0-0.54 14-59 As = 0; Li = 0,08
7.3-30.0 25-82 6.6-32/0 0.2-0.9 0-0.1 [ 35-50 As = 0; Li: 0-0.06
11-40 163-240 9-130 0.2 1-27 0-0.12 14-18 Fe = 0.01-2.9
15-136 28-244  12-44 '0-0.3 0.5-5.1 0-1.5 40-98 As=0; Pb=0; Mn: 0-0,01; Li: 0-0,01; Fe: 0.14-D.5%
2.5 0 16 0.2 0.1 0.3 26 Fe = 2.2; Mn = 0.32
18-31 116-150 7-4% 0.1-0,2 0.¥-30.0 0.08-0.63 21-64 Fe = 0.04
32-118  206-287  15-33 0-0.8 0.5-0.8 0.12-0.32 37-91 Fe = 0,12
309 588 188 0.3 4.4 1.6 7 As = 0.01; Li = 0,04
10-172 128-366 2.4-134 0-1.2 0-47 0-1.4 29-87 As=0; Fe: 0-0.1; Mn=0.03; Li=0,04
49-585 0-90 86-2600 0-0.2 2-10 0.06-0.1 34-50 Affected by sea water intrusion
23-32 110-157 17-22 0.2-0.3 0-1 0.43-1.4 39-44 As=0.02; Pb=0; Fe=0.33; Mn=0.97; Li=0,05
38 132 62 0.1 1] 0 39 As=0; Li=0.02
. 25-182 164-391 20-63 0-0.7 0-1 0-0.81 24-98 Fe: 0-0.1
41-57 222-329  25-58 0.1-0.2 0.1-21 0.07-0.33 32-35
LT 210 1 0.1 0 0.1 47
20-211 204-488 1.5-71 0.1-0.5 0-1.5 0.21-4.4 16-94 Fe=0,10; A1=0_02; In=0.00%
17-205 164-487  13-76 0-0.32 0,4-33 0-2.2 21-95 Fe = 0,02
925-2,480 122-506 1,360-9,420 0-0.5 1-15 1.01-2.5 38-76 Affected by sea water intrusion
14 79 1.8 0.2 0.2 --- 39 Fe = 0.17
37 176 30 0.2 o 0 43 Fe = 0,02
B.8-30 156-243 8.4-14 0-0.1 0.8-5.5 0-0.5 8-41 Fe: 0.1-2.2; Li=0
1,620 165 2,920 0.1 3.8 0.13 75 Fe = 0.2; affected by sea water intrusion
32 76 48 [ 12.0 1.4 46 As=0; Fe=0.02; Pb=0; Mn=0; Li=0
B.6-22 134-164 9-16 0-0.1 o-10 0.05-0.14 13-31
8.5-10 170-218 5,8-8.4 0-6.1 0.8-16 0.18-1.8 9-13
45 29 122 0 42 0.04 36 Fe = 0.02
333-368 531-572 381-1,000 0.2-0.6 2.5-13 0.27-0.92 36-70 Affected by sea water intrusion
298-428  369-597 321-65§ 0-0.4 17-20 2.0-2.11 64-67 Affected by sea water intrusion
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Table 3

SUMMARY OF YIELD CHARACTERISTICS OF SELECTED WELLS

; Number of ; : . Range of . : R . Range of
Geologic : Selected : Range of ; Range of ; Range of Specific_, . Range o{ ; Range of , Range of . Range of . Specific  : Range o{
Formation : Wells Depth . Discharge ; Drawdown : Capacity®’ .  Yield 2/ . Depth .Discharge . Drawdown . Capacityd/ . Yield b/
. {feet) . (gpm} (feet) . (gal/min/ft) . (gal/min/ft) ; {meters) . (i/min) . (meters) . (1/min/m) {1/min/m}

Jura-

Cretaceous 27 20-257 0,2-68 13-135 - 0.31-1.5 6-78 0.7-257 4-41 -— 2.1=19
Pry Greek

Conglomerate 1 50-341 20-60 15-105 . 0.12-1.1 15=-104 76-227 5-32 - 1,614
Tertiary Marine

Sediments 8 124-300 0.2-37 74-265 - £.001-0.33 38-81 0.7-140 2381 - 0.1-4
Petaluma

Formation 42 50-739 5-739 5-306 10-415 0.01-2.0 15-226  19-2,797 3-126 8-210 0.1-25
Senoma

Volcanics 33 128-1005 1.7-345 0-800 - 0.004-26.2  39-306 8-1, 306 6-244 - 0.06-324
Merced

Formation 49 62-480  20-1000 10-150 —— 0.1-5.0 15-146  76-3,785 3-4¢ - 1-823
Ohlson Ranch

Formation 5 90-1497 3-36 30-125 - 0.02-1.8 27-€0 11-736 9-38 - a.2-22
glen Ellen

Formation 42 50-452 3-500 1-210 3.7 0.1-50.0 15-138  11-1,893 0.3-64 462 1.2-62¢
Huichica

Formation 5 175-543 10-100 50-250 - 0.04-1.1 53-166 28-379 15-76 - g.5-14
Older

Alluvium 13 68-280 7-70 5-90 - 0.1-3.2 21-85 26-265 1,.5-27 - 1-4¢0
Terrace

Deposits 12 48.125 12-8G0 1-60 - 0.2-133.0 15-38 45-3,028 0.3-18 - 2,.4-2,178
Alluvian Fan

Deposits 23 45-292 5-1000 6-170 - 0.1-14.7 14-89 13-3,785 1.8-52 - 1.2-210
Younger

Alluvium 66 19-2% 4-2000 1-180 -- 0.3-40.9 6-89 16-7,671 0.3-55 -— 3,6-510
Landstides 2 175-200 40-50 0 -- -- 53-61 151-1,893 0 -- -
Stream Channel

Deposits 23 18-17%  110-3300 0.2-28 nrz 9-452 5-52  416-12,491 0.1-8 1,452 111-5,810
Bay Mud

Deposits 1 30 1 19 - 0.1 g g [ - 0.67

a/ Based on pump test data,
b/ Based on bailler test data,

meter of saturated materigls.
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Reported as gallons per minute per foot of drawdown and Iiters per minute per meter of drawdown.
Reported as galloms per minute per foot of saturated materials and liters per minute per
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HAPTER III. WATER SUPPLY SYSTEMS

stems in Sonoma County are of two basic types:
rvice connection systems served by surface and/or
nd (2) individual domestic wells. The first type
low; the latter type is discussed in Chapter V.

County had a population of 204,885, Of this

or 48.5 percent, lived within the boundaries of
ties and thus received piped water. Each of the
ted cities in Sonoma County operates its own

system. The total number of municipal service
these systems is 37,669, and the total annual

these eight systems exceeds 20,000 acre-feet
tometers). This demand is met with ground water
urface water provided by the Sonoma County Water

ercial water companies operate in the county.
pm large municipal operations,
0 service connections, to small systems having less
¢ connections. The commercial systems rely prineci-
d water, although some surface water is used; their
sater demand is nearly 4,000 acre-feet (4.9 hm3).

systems have a total of 3,733 service connections.

112 other water systems in the county. These
plic utility district, three county water districts,

er systems, 68 mutual water companies, and 50 mobile
ems .

ater systems in Sonoma County, except the mobile
ems, are presented on Table 4, Data for the moblle
ems are presented on Table 5. Figure 8 shows the
nposed service areas for all water systems having

b0 service connections. Also shown on the figure
ons of all small water systems {(those with less than
nnections), as well as all mobile home park systems.
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Table 4
WATER SYSTEMS IN SONGMA COUNTY -
H : : : Annual : Storage :  Annual
H B H ¢ Number of ; Storage : Demand : Capacity : Demand -
: Indext! : : i Service Source : Capacity : {(midlion : (ewbic : [cubic
Name - : Number - Type.g"' H Area Served : Connections : of Water i {galTons) : galloms}: meters) : meters)
Alexander Valley Acres Mutual 1 1 Alexander Yalley 4 Well & Russian 20,000 - 78 -=
HWater Co. River
Armstrong Yalley Water Ca. 2 Guerneville 286 Wells 60,500 2703/ 228 1f -
Athena Terrace Mutual Water Co, F4 1 Forestville 23 Hell 24,000 - a1 .=
Austin Acres Mutual Water Co. 3 1 Austin Creek 26 Well Prassure - - -—
System
L]
Austin Creek Mutual Water Co. 4 1 Austin Creek 7 Well 1,200 -- 1.8 -
Blocks 1 & 2
Austin Creek Mutual Water Co. 5 1 Austin Creek 18 .- —-— - - -
Blocks 3 & 4
5
Austin Ureek Mutua) Water Co. 6 1 Austin Creek 19 Well 3,000 - 12 - -
Blocks 5 & 6
Austin Creek Mutual Water Co, 7 )] Austin Creek 3 Well - - -- --
Bleck 8
Austin Creek Mutual Water Co. 8 1 - 2 — —— - - — -
Block 10
Austin Creek Mutual Water Go, 9 1 Austin Creek 5 Well Pressure - -- -
Blocks 11 & 12 System
Austin Creek Mutual Water {o. 10 1 Austin Creek 20 Well 1,000 - 4 ==
Blacks 13, 14, & 15 -
Austin Creek Mutual Water Co. 1 1 Austin Creek 15 Well Pressure -— - —
Blocks 17, 18, & 1% System
Austin Creek Mutual Water Co, 12 1 Austin Creek 114 well Pressure -- - -
Blocks 20 & 21 System -
Austin Creek Mutua) Water Co. 13 1 Houth of Austin 27 Well £0,000 - 159 -
Creek
Selglen Mutual Water Co. 14 1 Sebastopo? 16 Well -— - - -
Belmont Terrace Mutual Water 15 1 Sebastopol :13 Well 40,000 - 151 - -
{o.
Bennett Ridge Mutual Water Co. 16 1 Bennett Ridge 45 2 Wells 70,000 -- 265 -
Black Mauntain Conservation 36 3 Black Hountain 7 Springs --- - - -
Camp Camp
-
Bloomfield Mutual Water Co. 17 1 Sebastopoi 6 Well Pressure - - -
System
Bodega Bay Publsc ttilities 4 Bodega Bay 279 Wells 250,000 - 246 -
District
Bohemian Grove Water System 3 Bohemian Grove 175+ wells 500,000 - 1,883 - -
Boucher Water System 19 k] Ciaverdale 30 Well & Springs 65,000 -- 246 -
8rand Water Co. 20 3 Santa Rosa 32 2 Wells 40,000 -- 157 -
Branger Mutual Water Co, 23 1 Bennett Valley 74 Hells 50,000 -- 188 - -
Bressie Water System 22 2 Mirabel 130 2 Wells 30,000 -- 1i¢ --
Bressie Water System 23 2 Salmon Creek 80 Wel) 32,000 -- 121 -
Bressie Water System 24 2 Jenner 1ns Reservoir 30,000 . ii¢ - -
Bridgehaven Resort 25 3 Bridgehaven 10 Springs & - -- - -
Creek
California State College, 3 State College ——— vells 4,200,000 -- 15,900 -
Sancma
Camp Meeker Mater System, Inc. 2 Camp Meeker 355 Wells 154,000 -- 563 -- -
Camp Thayer 26 3 Austin Creek 2z Well 10,000 -- 38 -
Cannon Manor Water Service 18 3 Petaluma Hill Road 18 We3il 30,000 -- 114 --
Carmet-by-the-5ea Mutual 28 1 Carmet-by-the-Sea 72 2 Springs 60,000 - 228 -
Water Co.
Case and Wolf Water System 27 3 Wrights Beach 1t ---
&
fazadero Water Co. z Cazadero 145 Wells 134,000 2103/ 07 a.78X10
Chapultepec Mutual Water Corp. 30 1 Lichau Road U Present 2 Wells Pressure - - - -
25 Maximum System
Citizens Utilities Co. of Calif, so7 &
Guerneville Division 2 Guerneville, tonte 3100 Wells, Springs 134,000  100¥ 0. 38420
Rio, Guerneville
Park, Rio Nida, -
Vacation Beach,
Villa Grande,
Montesano .
Larkfield Givision H Larkfield 633 Welds, scwAs/ 235,000 182 a9 0. £9X10
L__J
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Name
— 7

College Park Mutua) Water Cq,

Clover Cresy Water Co]

Cloverdale Water Department
Cotati Water Department

Creekwgod Acres Water ervice
Diamond A Mutual water Co.

Dusche water Co,
End-D-VaHey Mutual watdy o,

. Fairview Court Mutya) Water Co.
Fir Crest Mutual Water .

Fitch Mountain Water Supyly

Forestville Lounty Water Pistrict

Fort Ros
Water

S Highlands Mutug
Co,

Franz Hily Mutual Water (q,
Freestone Mutual wWater Co.
Garfiely Hater System
GeyserviTle Water Workg
Gill Creek Mutual Watey Lo,
Hacienda watep Co.
Happy Acres Water Co.
Haub Heights Mutya) Kater (g,
Aawkins Water Servire
Hea]dsburg Water Dept,
Heights Mutual Water Co.

Hess & Bﬂlway Water System

Hiatt Mutyay Hater (g,
Hilton Mutyar Water Cq,
Holiand hts . Mutual water Co.
Hollydala Mutual Water Co.

Hopkin Water System

Hucke?berry Heights Mutya)
Hater [g.

Jaylee Heights Mutual Watep Ca,

Kashva Ingign Reservation
Hater Cg,

Kelly Mutua) Water Cp,
kenwood Mutual Water Co.
Lancaster Water (g

Larkin Wopgs Mutuat water (o,

Lawndale Mutval Water Co.
Lichay Hylands Mutuval wage Ce,
Loch H.aven Mutual Water Co.
Lower Magic Mountain Water Co.
Madrone Mutyai Water Co,

Magic Mountain Water System
Marine Cooks ang Stewzrds Schog)
Mark West Acre Mutwal Water Ca,

MeFarren Water Co,

‘___—___;————____'___

Indext! | :

Number . Typazs !
32 1
3 3
5
5
33 3
32 1
35 3
37 1
38 T
39 1
5
B
40 1
4] 1
42 H
43 3
' 2
42 1
2
45 3
46 1
47 3
5
49 1
48 3
50 1
51 1
52 1
53 i
bq 3
55 1
56 1
57 3
58 1
29 1
59 3
60 h
[ 1
62 1
63 i
64 3
65 1
13 2
129 3
067 -1
68 3

Table 4

Area Seryed

Cold Springs Ra.
Cloverdale

Cloverdale

Cotati

Cazaderp

Diamond A Estates

Cloverdale Rancheria

Rincon Valley

Petatuma
SebastopoI
Fiteh Mountain

Forestville

Seaview Rnad

Franz Valiey Road
Freestone

Porter Crepk Road
Seyserville
Geyseryille

Hac iends

Stony Point Road
Healdsburg

Santa Rpcy
Heaidshurg

Santa Rosa

Santa kosa

Cloverdale
Hilton Resgry
Forestviite
Forestyilie
Sonema Ht, Road

Cazaderg

Santa Rosa

Kashia Reservation

Sebastopo)
Kenwood
Santa Rosa

Forestyvilie

Kenwngd
Lichau Rpad
Porter Creek Road
Cazaderg

Cotati

Cazagerg

Parter Crpeg Road
Mark Mest Acres

Kenwood

MHM

39

(continued)

humber o
Service

1200

662

12

19

30

42
325

400
42

3-8

[R5
107

2035

20
32

a4z
111

30

20
23
115

49

18

—_—

f

Connectiong i

Source
of Water

Weli

87,000

: Amnual . Storage . Annual

! Storage - Demand Capacity ; Demand
i Capacity - {mi1tion : {cubic ~ | {cubic

{9allons) : gallons): meters) - meters)

328 -
Cloverdale 8,000 -- a0 —
Water Dept,
Wells 770,000 212 2,818 8.8x105
scwads 105, 000 29 g8 o, 1x10°
Spring 12,000 -- 45 -—
2 Wells 80,000 - 303 o
2 Wells Pressure - -- -
System
Kell Pressure -= g -
System
2 Wells 15,000 - 57 --
Weils, City of 76,000 - as8 —
Hea]dsburg
SCwAY/ 760,900 -- 2,850 —
Reil e - — —
Well 15,000 - 57 -
Spring 100, 000 - 378 -
Wei? 15,000 .- 57 . -
Helis 75,000 -- 283 —
wWell, Spring 30,000 -- i14 -
Wells 55,000 - 208 -
Well 0,000 -- 8 -
Well 10,000 - 28 -
Wely _—— - - .
Welis 4,574,000 - 17,314 -
Hell 42,000 - 159 -
2 Wells Pressure -- - -
System
Z Kails te,o00 - 45 -
4 Wells 55,000 -~ 208 -
Hel? 20,030 - 7€ -
Springs 5,000 -- I8 .-
Well 50,000 - 189 o
Well 15,000 - 57 -
Well 30,000 - 114 —
Well 10,000 - 38 .
Wen 30,000 .- 114 -
We Tl Pressyre - e -
System
SCWA 25,000 -- £ -—
Wet) 36,000 -~ iig -
2 Wells 10,000 . 38 .
Weli
Well 35,000 - 136 -
Well 30,000 - 114 —
Welle - - - _—
Well
Well Pressyre b - ==
System
—I—R‘_-—__‘__




— COUNT T

{1
3

LEGEND

d Major Woter Systems ! ;
Existing Service Areo cmwsmmaq&,mcf 5
™ g
. o271 .
Major Water Systems G e
= Proposed Service Atea . sh$_ / -
- "y
305 Smoll Weter Systems. Number refers to listing on ~ a7 R
toble 4 - e
X A
2 . e, A i WP
A Mobile Home Pork Woter Systems. Number refers to N F i,
listing on tabie 5 -
————— Sonomo County Water Agancy Aqueduct - i
7
Note: Data as of July 1,1973 Bodago Boy PubkcUiines Distict '/ o
CBOLEGA T
84y
STATE OF CALIFORNIA
THE RESOURCES AGENCY
-
DEPARTMENT OF WATER RESQURCES
CENTRAL DISTRICT
SONOMA COUNTY -
GROUND WATER RESOURCES INVESTIGATION
-
\ -
WATER SERVICE AREAS
1975 -
SCALE OF MILES
1 o t 2 3 - 5 [ 7 a hd L]
D e e e el
-

42



(L] NP s
Citizens Uﬁh- itie s Co.of Calif. ¢
Lorkfield Diviiond

B

L2
City of Rohnert Py
{5

LE] Gua?&\\
ining Center

City of Petalumo
‘ Bur

CO“N;';" Troan,

BASE MAP HY SONOMA COUNTY PLANNING DEPARTMENT Vi

i

L. State College Sooagm
Sonoma gou State M3

g
L4 1) O’Z

FIGURE B8

43




Table 5 .

MOBILE HOME PARK WATER SYSTEMS

Name !;l‘z?i" Location : Carsv:::::.;sns u?::i:r : ”(ga'l'ico::?rgse:_c?%:ﬂ:ymters)
Western Mobile Home Park 1 Santa Rosa 67 Z Wells 15,000 6.8
|3} Crysté'l Trailer Park 4 Santa Rosa 56 Z Wells Pressure System
Hooker Oak Trailer Court a Sonoma 28 well Pressure System
Mt. Taylor Trailer “ark 4 Santa Rosa 19 Well Pressure System
Journey's End 5 Santa Rosa 100 4 Welts 25,000 94,5
One Mile Inn [ Petaluma 5 Well Pressure System
Shady Rest Trailer Park 7 Sebastapol 86 Wel) -- --
Penngrove Trailer Park 8 Petatuma n Penngrove Mutual Water Company
Sunset Trailer Park g Santa Rosa 43 Well Pressure System
I}urth Star Trailer Park 10 Santa Rosa 76 Well Pressure System
Royal Mobile Marmor 1 Santa Rosa 79 2 MWells -- -—
Capri Mobile Villa 12 Petaluma 69 2 Wells 10,000 3r.e
Raseland Mobile Home Park 13 Santa Rosa 68 Well Pressure System
The Trailer Corral 14 Santa Rosa 83 Well 1,000 3.8
Pine Hil3} Terrace Mobile Home Park 15 Sebastopol 20 well 2,000 7.6
Mobile Home Estates 16 Santa Rosa 139 Z Wells Pressure System
Plaza Mobile Home Park 17 Santa Rosa 50 2 Hells Pressure System
Acacia Grove Motel & Trailer Court 18 Soncma 70 well 1,000 3.8
Pocket Canyon Cabins 19 Farestville 7 Well Pressure System
Wayside Gardens Mobile Home Park 20 Santa Rosa 49 2 Wells 15,000 a6.8
Redwood Village Mobile Trailer Court 21 Santa Rosa 66 2 Wells Pressure System
tamplighter Mobile Home Park 22 Santa Rosa 109 Well 12,000 45,4
#elody Inn Trailer Park 23 Santa Rosa 8 Welt Pressure System
Colonial Park 24 Santa Rosa 190 Well 10,000 3r.9
Ranchito Mobile Home fstates 25 Santa Rosa a2 Well Pressure System
8lue Spruce Mobilte Home Lodge 26 Sebastopo!? a7 2 Wells 4,000 6.1
Timber Cove Boat Landing 27 Jenner 4 Well Pressure System
Lucas Park 28 Santa Rosa i Well 500 g
Lancelot Mabile Home Park 29 Santa Rosa 27 Well -- --
Windsor Mobile Country Club 30 Windsor 200 2 Wells 23,0060 87.1
School Kouse Canyon Camp Ground 31 Guerneville 5 - == ==
0dd Fellows Recreaticn Club 32 Guerneville 44 -- -~ -
El Portal Mobile Estates 33 Santa Rosa 122 2 Wells 20,000 ?5.7
Moonlight View Mobile Home Park 34 Sonoma 7 City of Sonoma - b
Martini's Mobile Estates kLS Santa Rosa 107 Wetl ) Pressire System --
Marsh Acres 36 Sebastopol 3 == - -
Cloverdate KOA Campground 37 Cloverdale 98 2 Wells == -
Stonegate Mobile Home Park 38 Santa Rosa 60 2 Rells Pressure System =
Ramsey's Park 3% 8 Wetl Pressure System ==
One Gak Mabile Home Park 40 Sebastopel 6 -~ == -
Rancho de Sonoma 41 Sonoma 9% Artesian Well Pressure System ==
Evergreen Mobile Park 42 Windsor 24 2 wells Pressure System --
Santa Rosa Mebile Manor 43 Santa Rosa 50 == == -
Rancho ¥ista Mebile Home Park a4 Fetters Hot Springs 123 City of Sonoma == -
LittTe Moods Mobile Home Park 45 Petaluma Hells e -
Gilmore Park 46 Cotati -- -- -
Sequoia Gardens 47 Santa Rosa 15 - 1N well == -
The Country 43 Santa Rosa Well -- s
Ranche Cabeza Mobile Home Park 49 Santa Rosa Well e ="
Rincan ¥alley Mobile Home Estates 50 Santa Rosa Well - -

_l_.’ Location shown on Figure 5.
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TER IV. SANITARY WASTE DISPOSAL SYSTEMS

being a combination of urban and rural development,

municipal sewage treatment systems and homes served

septic tanks. The municipal systems range from

the Windsor County Water District, which has 2,320

tions and a treatment plant of 0.75 million gallons
cubic meters per day) capacity, to the City of

ich has 17,500 service connections and three treat-

th a total capacity of 9.67 MGD (36,600 m3/4).

ts data on all of the public and private sanitary

in the county; Figure 9 shows the locations of

en suspected that much of rural Sconoma County

the county not served by sewer systems) is unsuit-

onstruction and operation of septic tank and leach
Soils data developed by Miller (1972) support

e of the principal aims of the current investiga-
these soils data to ldentify rural areas where

oblems exist, and where such systems should be

data developed regarding septic tank practice

ty, reports documenting 14 septic tank failure
ained from the Sonoma County Public Health Service.
ts data on the documented septic tank failures;

of the failure areas are shown on Figure 10.

failure data, surface water samples were collected
s throughout the county and were analyzed for

by the County Public Health Service. Sampling
ected on the basis of the probability of the sur-
ing become polluted by failing septic tanks, and
mples were taken, one upstream of the potential
stablish a "background" coliform count, and one
identify any pollution. For example, a sample

he unnamed stream just north of Bloomfield (see

is sample showed a Most Probable Number (MPN)
7,000 per 100 milliliters (ml). A sample taken
ream just south of Bloomfield showed an MPN of
ting a probability of septic tank failures in
area. Although a certainty of septic tank

not be determined based solely on the presence
orm, it is suspected that samples which showed

ss of 1,000 indicated some degree of failure. The
he 33 sampling stations and the MPN of total coli-
ampling station are shown on Figure 10.
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SANITARY SEWER SYSTEMS

Table 6

Treatment Plant

. Capacity
: : Number of MiiTion : Tubic
: : Service Gallons : Meters
Name : Area Served : Type Connections per Bay : per Day
Black Mountain ]

Conservation Camp Camp Private 6 0.002—/ 7.6
California State 2/

College, Sonoma College Private - ~ -—
City of Cloverdale Cloverdate Municipal 1,38¢% 2.0 7,570
City of Cotati Cotati Municipal 430 2/ -
Forestville County County

Sanitation Dist. Forestville District 50 0,082 310
Fulten Processors, Fulton Packing 3/

Inc. Plant Private 1 0.2 = 757
City of Healdsburg Healdsburg Municipal 2,090 2.0 7,570
Los Guilicos School School Private 40 0.1 379
Marine Cooks and

Stewards School School Private 40 0.2 757
Occidental County County

Sanitation Dist, Occidental District 50 0.05 189
City of Petaluma Petaluma Municipal 9,500 3.0 11,355
Rio Linda Academy School Private 40 1.5 3/ 5,678
City of Rohnert Park Rohnert Park Municipal 3,200 1.5 5,678
City of Santa Rosa Santa Rosa Municipal 17,500 9.67 36, 600
Sea Ranch County County

Service Area #6 Sea Ranch District 234 0.034 128
City of Sebastopol Sebastopol Municipal 1,520 0.7 2,650
Skaggs Island

Naval Facility Naval Station Federal 91 0.144 544
Sonoma County Airport Airport Municipal 15 0.08 302
Sonoma Valley County Sonoma, E1 Veranc, County

Sanitation and Sewer Boyes Springs, District

Maintenance District Agua Catiente, 5,650 1.5 5,878

Temelec
South Park County South Santa Rosa County 4/

Sanitation Dist. District 2,860 =
U. S. Coast Guard

Training Center Two Rock Ranch Federal 150 6.19 121
Wikiup County Water Larkfield- County

District Wikiup District 130 0.3 384
Windsor County Water County

District Windsor District 2,320 0.75 2,835

1/ Septic system.

2/ No treatment plant; delivers to Rohnert Park system.

3/ Oxidation ponds.

§] No treatment plant; delivers to Santa Rosa system.
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Table 7

DATA ON SEPTIC SYSTEM FAILURESY

H : Humber of : H H :
: Date of : Septic Systems : Satfsfactory - Questionab]ehf: Malfunctiont! :
Area Location : Failure :  Inspected : Na, % . H i Remarks

Middie Rincon Road

Assessment Dist. Rincon Yallay 4-1911 3] 26 42,5 [ 10,0 29 47.5

kdgewood Farms Rincon Valldy 241966 He 1% 1z 16 15 15 4

Bodega Bay Bodega Bay 11-1872 238 176 n.s - - 68 28,5 Effluent flows into Bodega Bay.

Salmon Creek Salmon Cree} 11-1972 81 63 7.8 - 18 22.2 Effluent present in roadside ditches.

Hollard Heights Bennett Valley 1-1972 10 51 50,8 1N 10.% 3% 3.6

Lake Street {loverdale 4-1970 25 12 48 3 12 16 40 Probably 1001 failure rate during winter.

Windsor Windsor 1961 388 202 52.1 ~ - 186 47.9

South Edisen St. Graton 2-1965 n 6 16.1 - - 26 82.9 71% of wells sampled showed presence of
cnliform.

Gratan Graton 2-1972 148 a5 30.4 - - 103 65.6 50% of wells sampled showed presence of
coliform. 11 surface water samples
showed presence of coliform,

Glen ElTen Glen Ellen 4-1967 50 34 68 - - 16 32 Effluent flows into Sonoma Creek.

Glen Eflen Glen Eljen 10-1972 260 161 61.7 43 16,7 56 21.6

Fircrest Avenue Sebastopol 1969 21 19 96,5 - - 4 9,5

Belmont Terrace Sebastopo) 2-191 44 23 53 3 [ 18 40

Rinconada Avenue Rincon ¥alltay 1966 57 33 62 ? 1 22 a7

Montecito Avenue Rincon Validy ¥971 229 a8 82 15 7 26 1t

Penngrove Fenngrove 1971 % i n - - 87 a3

a/ Data from Scooma County Health Service,

b/ Questionabdle:
€/ Malfunctian:

Evidence of prd
Sewage observed

To determine wi
operated, and 1
and topographi
Physical facto]
and presence o]
septic tanks ail
distance to pr¢
of water also :
The physical £
determination ¢
on a particulal
range from ally
soils; each hajg
criterion for t
bility groups

the ability of

if a so0il is of

tvious sewage observed.
en surface of ground.

Malfunction prebably occuts after periods of heavy rain and/or heavy use.

Septic Tank Acceptability

hether septic tanks can be efficiently constructed,
naintained in a given area, a knowledge of the soil
t characteristics of that area is essential.

rs, such as soil type, soil depth, ground slope,

I' ground water, have bearing on the siting of

nd leach fields. Directional factors, such as
bperty lines, cuts, fills, water wells, and bodies
are important., ;

actors are, perhaps, the most critical in the

1s to whether a septic tank system can be placed
r parcel of property. The soils in Sonoma County
uvial valley and basin scils to residual mountain
3 1ts own unique physical characteristics. One

the division of soils into septic tank accepta-

1s that of permeability, which 1s the measure of

the so0il to absorb and transmit fluids. Obviously,
such low permeability that it cannot absorb fluids,

2
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it is totally unsuitable for the placement of a septic tank system.
Conversely, solls with a rate of percolation of up to 60 minutes
per inch (mpi) or 25 minutes per centimeter (m/cm) have adequate
permeability to accept and transmit effluent.

Because of the eritical nature of the percolation rates of solils,
it is important that percolation tests be performed correctly.
Tests should be carried out during the most adverse time of the
year (during a time when soils are wet and standing water is at
its highest level).

hY

Septic Tank Percolation Tests

A septic tank percolation test measures the rate of drop of the
level of water in a test hole excavated into the area of a pro-
posed leach field. Thus, the rate of drop of the water level

is related to the percolative capacity of the soil in the proposed
leach field area. Standards of percolation test hole construction
and testing have been established by the Sonoma County Public
Health Service. These standards are presented in Appendix E

to this bulletin.

Septic Tank Siting

The depth of soil cover is important for a leach field system
because there must be sufficient soil mantle underlying the

leach field area to filter and purify effluent. A great number
of the bacteria contained in sewage effluent are effectively
removed by downward percolation through several feet of soil.

The removal process involves mechanical and bioclogical straining
(a result of soil clogging) and/or destruction by environmental
changes (scil defense mechanisms). Scil clogging is the increase
in physical resistance to flow and generally occurs within the
first six inches (15 ecm) of soil near the leach line. Soil
defense mechanisms occur at a greater distance and involve the
destruction of harmful bacteria by: (1) the latter's inability
to adjust to changes in temperature; (2) oxygenation and nitrifi-
cation; and (3) destruction by naturally-occurring soil bacteria.
Thus, water of a bacterial quality suitable for drinking purposes
"can be obtained after passing coliform-laden effluent through a
thickness of soil which is dependent on soil structure and condl-
tions. Furthermore, coliform can be effectively removed from
effluent even if the se¢il is a fairly coarse-gralned dune sand.
Experiments illustrating this latter fact were conducted by the
University of California, Sanitary Research Engineering Laboratory
(1955) who reported that coliform was reduced from 70,000 to 700
after percolation through 12 feet (4 m) of dune sand.

52



¥

In view of the above depth requirements, soils which are less
than five feet (1.5 m) deep, this is, two feet (0.6 m) deep
below the invert of g 3~-foot (0.9 m) deep leach line, are un-
suitable for |the placement of a septic tank and leach field.
In contrast, |as the soil gets progressively deeper, it becomes

more acceptable; the most ideal depth of soill for septic tanks
is that in exXcess of 22 feet (6.5 m).

The ground slope 1is extremely important with regard to septic

tank siting.
a possibility

the leach line and emerge on to the ground surface.

If slopes are greater than 30 percent, there is
that untreated effluent may move laterally from

The effluent

then could move downslope onto adjacent property, pond at the

base of a cut

slope, or run into a body of water, Furthermore,

slopes steeper than 30 percent could be subject to sheet erocsion,

which might wash out a leach line.

distance from
is 10 feet (3

Hence, if the horizontal
the bottom of the leach line to the ground surface
m) or less, the land is too steep for a septic

system to opepate efficlently.

The depth to ground water is a vital factor in siting septic

tanks because

without adequate filtration in the zone of aeration

(above the water table), septic effluent could enter the ground

water body ang
fecal Bacillus

spread down gradient. Romero (1970) reported that
coli and other pollutants travel as a thin sheet

on the surfacd
This sheet car

— T

of the zone of saturation (the water table).
spread down gradient, and Bacillus coli has been

reported as far as 80 feet (24 m) from the source of pocllution.
Thus, in order to provide a sufficient depth for filtration, the
minimum seasonal depth to water must be not less than 5 feet

(1.5 m) below

the leach line invert, or 8 feet (2.4 m) below

the ground surpface.

Soills Classiri

cations for Septic Tanks

Using soils da
in Sonoma Coun
permeability,
high water. T
tank acceptabi
was further su
acceptability
Table 8 presen
septic tank ac
each group and
of each septic

ta developed by Miller (1972), all of the soils

ty were classifTied according to their respective
slope, depth to rock, and minimum depth to seasonal
he classification resulted in three basic septic
lity groups being identif'ied; one of the groups
bdivided into three subgroups. Each septic tank
group and subgroup is briefly described below.

ts the relationship of each soil series with its
ceptability group; Table 9 shows the total area for
subgroup. Plate 2 shows the general areal extent
tank acceptability group. For specific septic

tank siting, the soils maps at a scale of 1:20,000 in the report

by Miller (197

?) are recommended for use in connection with data

on Table 8 in this bulletin,
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Table 8 (Continued)

i
RELATION OF SOIL SERIES YO SEPTIC TANK ACCEPTABILITY™

Depth to Depth to Rock ar )
Sortes?/ symbo1?/ D FTy Ao e R S T Y cat ior
: 8-25 mfem ; 25-88 m/om <30% : »30% : »2.dm ; 0.8=2m : »Im
Sobrante Shi X X X X X PR
Sepbrante ShF, ShG X % % x X u
Spreckles SkC, SkD, SkE, X X X u
SkE2
Spreckles SkF X x X U
Steinbeck snC, $nD, SnD2, X X % X X PR
Snk, SnE2
Steinbeck SnF, SnF2 X X H x x u
SEunyford S50f, Sob, SrG x X x X u
Supan SsG x X x X u
Suther StE, Stiz X X * u
Suther StF, SuF, SuG x X x u
Tidal Marsh TmA X X u
Toomes Tok X X X x u
Toomes ToG * H % X U
Tuscan Tul, Tuk x X U
Wright WgC, WhA, WmB, X * L
WoA
Yolo Y1A, YnA, YrB, x X 3 X X P
YsA, YtA
Yoln YmB, YoB X X x x * U
Yorkville Yuk X X x U
Yorkyille YuF, YvF, YwF, X X % u
YwG
Zamora Zah, IaB X X 3 X U

T/ Seil

A
[
R

PR

u

Aeceptable soils.

Potentially acceptable spils - Permeability constraints may be present.
Potentially acceptable spils - Seil depth constraints may be present,
Potentially acceptable seils - Permeability and soil depth constraints may be present.
Unacceptable soiis.

4/ Subject to flooding.

1/ Interpretation of soils data from Miller, ¥. C. (1972), "Soil Survey of Sonoma County, California”,
2/ See Miller, V. C. (1972).
classification:
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Table 9

SEPTIC TANK ACCEPTABILITY GROUPS

Percent of
Group and Area Total Area
Subgroup {Acres) (Hectares) of County
Acceptable soils 6,255 2,531 0.61
. Potentially acceptable
soils 67,118 27,162 6.64
Permeability
constraints 16,600 6,718 1.64
Soil depth
constraints 1,818 736 0.18
Permeability and
soil depth
constraints 48,700 18,708 4.82
Unacceptable soils 937,817 379,535 92.75
Total 1,011,190 409,228 100.00

Acceptable Soi

l1s

Some 6,255 aci
the total ares
acceptable chg
and leach fiel
series and hat

(2 to 25 m/cm).

the Noyo serid
percolation rg
ported that €
from 29 to 53
ranging from 4
rock, and dept
soils of this
of this subgrg
are less than

res (2,531 ha) of Scnoma County, or 0.61 percent of
2 of the county, are underlain by scils with generally
wracteristies for the placement of septic tanks

lds. These solls belong to the Baywood and Cortina
re percolation rates which range from 5 to 60 mpi
The remaining scils of this group belong to

*S. Although these latter scils generally have a
ite less than 60 mpl (25 m/cm), Miller (1972) re-
1is scil serles has a clayey zone at a depth of
inches (74 to 135 cm), which has a percolation rate
00 to 600 mpl (80 to 240 m/cm). Slope, depth to

th to water are all in the acceptable range for
subgroup. Septic tanks can be placed on solls

up 1f on-site tests prove that percolation rates

60 mpl (25 m/cm).
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Potentially Acceptable Scoils

Many of the valley and upland soil types of Sonoma County are
potentially acceptable for leach fields. Because of a lack of
detailed solls data, all of these solls have been grouped as
potentially acceptable, because thelr characteristics range

from those in the acceptable range to those that are unacceptable.
Final determination of the acceptability of any soils in this
group will depend on detalled on-site field analysis on a case-
by-case basis. The soils of this group have been subdivided

into the following three subgroups:

Al

Permeability Constraints. The soils of this subgroup underlie
16,600 acres (6,718 ha) of valley hill lands and belong to the
Felta and Yolo series. They have percolation rates which range
from 5 to over 120 mpi (2 to over 50 m/cm). Slope, depth to
rock, and depth to water are all in the acceptable range for
soils of this subgroup. Septic tanks can be placed on soils of
this subgroup when on-site tests prove that the percolation rate
is less than 60 mpi (25 m/cm).

Soil Depth Constraints. Soils of this subgroup underlie 1,818
acres (736 ha) of hill lands. These soils belong to the Kneeland
(sandy variant) and Sheridan series and range in depth from 2 to
7 feet (0.6 to 2.1 m). Slope, percolation rate, and depth to
water are in the acceptable range. Septic tanks can be placed

on soils of this subgroup where on-site tests prove that the

soil depth is at least 5 feet (1.5 m).

Permeability and Soil Depth Constralints. Soils of this subgroup
underlie 48,700 acres (19,708 ha) of hill lands; the soils belong
to nine different series (see Table 8). These soills have percola-
tion rates which range up to 300 mpi (125 m/cm) and depths which
range from 4 to 7 feet (1.2 to 2.1 m); slope and depth to water
are both in the acceptable range. Septic tanks can be placed

on soils of this subgroup where on-site tests prove that the
percolation rate is less than 60 mpi (25 m/cm) and the soil depth
is at least 5 feet (1.5 m).

Unacceptable Scils

Of the 256 different soil units mapped by Miller (1972), 226
have characteristics which make them unacceptable for the place-
ment of septic tank and leach field systems. The unacceptable
soils underlie 937,817 acres (379,535 ha), or 92.75 percent of
the total area of the county. The uncolored areas on Plate 2
show the areal extent of the unacceptable soils. These soills
all have one or more of the following characteristics:
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rates are greater than 60 mpi (25 m/cm).

Slope is steeper than 30 percent.

ck or other impermeable barrier is less than
m) below the invert of the leach line (that
effluent leaves the pipe and enters the soil)

or 5 feet (1.5 m) below the ground surface.

1. Percolatio

2'

3. Depth to r
2 feet (0.
polint wher

4. The depth
below the

5. They are si

Certain areas ¢
the Merced and
areas contain
fied as being
of shallow soil
percolation te;
have adequate j
tank and leach

Recommended Mirx

o standing water is less than 8 feet (2.4 m)
round surface.

ibject to periodic flooding.

bf" Sonoma County are underlain by sandstones of

Ohlson Ranch Formations (see Plate 1). Many such

solls of the Goldridge series which have been classi-
inacceptable for placement of septic tanks because

|l depth.
sts may show that the underlyling geoclogic materials
bercolation capability for the placement of a septic

Where this condlition is the case, on-site

line systemn.

nimum Leach Field Area

After determin;
acceptable chat
and the slope ¢
minimum leach 1
This table was
of Health, Edu¢
Quality Contro]
shown on the tj
leach field as

The minimum leg

1. Building sg
2. FEasements q
improvement
purposes;
3. Easements 1
4, Areas occuj

structures
For the pul
there are 1
to be 2,501

Ing that the soil on a given parcel of land has
racteristics for the siting of a septic tank system
bf the ground surface has been determined, the

by

ield area can be determined by using Table 10.
derived from data prepared by the U. S. Department

cation and Welfare (1972) and the California Water
I Board, Central Valley Region,.
able is twice the amount required for the initial

The minimum area

it provides space for future leach field replacement.

ctbacks required by ordinance or code;

ledicated or reserved for surface or underground
Ls unless dedicated or reserved for sewage disposal

oY access or roadway purposes;

pled by structures or to be occcupled by proposed
and areas within 5 feet (1.5 m) of such structures.
rpose of single~-family residential lots, on which

no existing structures, this area shall be assumed

D square feet (230 m?);
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Table 10

RECOMMENDED MINIMUM DISPOSAL AREAS FOR LEACH FIELDSY/

: Percolation :
Rate : Soil Depth
(Minutes
Slope : per : : : : T : :
(percent]) : Inch) : 5 Feet : 6 Feet - 7-12 Feet : 13-17 Feet : 18-22 Feet : Over 22 Feet
(Square-Feet)
0-10 <10 21,000 16,000 11,000 6,000 6,000 6,000
10-20 23,000 18,000 13,000 8,000 8,000 8,000
20-40 25,000 20,000 15,000 10,000 10,000 10,000
40-60 27,000 22,000 17,000 12,000 12,000 12,000
11-20 <10 29,000 24,000 19,000 14,000 11,000 9,000
10-20 31,000 26,000 21,000 16,000 13,000 11,000
20-40 33,000 28,000 23,000 18,000 15,000 13,000
40-60 35,000 30,000 25,000 - 20,000 17,000 15,000
21-30 <10 36,000 31,000 26,000 21,000 19,000 16,000
10-20 38,000 33,000 28,000 23,000 21,000 18,000
20-40 40,000 35,000 30,000 25,000 23,000 20,000
40-60 1 Acre 37,000 32.000 27,000 25,000 22,000
: Percolation :
Rate : Soil Depth
(Minutes : :
Slope : per : : . 2.0-3.5 : 3.5-5.0 : 5.0-6.5 Over 6.5
{percent) : Centimeter) : 1.5 Meters : 1.8 Meters : Meters : Meters : Meters :  Meters
{square-Heters)
0-10 <4 2,000 1,500 1,000 S560 5560 550
4-8 2,200 1,700 1,200 750 750 750
§-16 2,400 1,900 1,400 S00 900 500
16-24 2,600 2,100 1,600 1,100 1,100 1,100
11-20 <4 3,300 2,500 1,800 1,300 1,000 800
4-5 3, 500 2,700 2, 000 1,500 1,200 1,000
8-1¢ 3,700 2,900 2,200 1,700 1,400 1,200
16-24 3,800 3,100 2,400 1,900 1,660 1,400
21-30 <4 4,400 3,400 2,400 g, 000 1,800 1,500
4-8 4,600 3,600 2, 600 2, 800 2,000 1,700
§-16 4,800 3,800 2,800 2,400 2,200 1,900
16-24 5,000 4,000 3,000 2,500 2,400 2,100

1/ Data from California Water Quality Control Board, Central Valley Region
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5. Areas within 5 feet (1.5 m) or property lines;

6. Areas which fall within the geographical constraints shown

on Table|11l; and

7. Areas which are paved or proposed to be paved.

Geographical Constraints

After the minimum disposal area has been determined from Table 10
the exact lochtion of the leach field can be determined only

after geographical constraints have been considered.

constraints, which are shown on Table 11, provide distances which
allow sufficient travel time for the purification of septile

ef'fluent.

Romero (1970) states that bacteria and viruses have been known
to survive for up to five years in $01ls under ideal conditions;
he also stateg that the travel distance of organisms in non-
Saturated systems appears to be on the order of about 10 feet
(3 m). However, bacteria and/or virus infested pollutants might
travel much farther ir nutrient-laden waters are intercepted

during the course of percolation.

Leach Fielq Delsign and Operation

The leach fiell is the part of the septic disposal system that

is most prone to failure. Failure is indicated by a decline in
the ability of| the system to accept and dispose of effluent at

the design rate, leading to eventual breakthrough of liquid to

the ground surface. Failure may eventually occur in & poorly-
designed system even though soils ang geéographic loecation appeared
to be favorable at the time of construction. Failure may be due,
in large part, |to the assumption that data on the short-term
percolative capacity of a soil could be used to bredict the
long-term behavior of the leach fielg System. The problem leading
from this assunption may bve further compounded by the variability
of the soils iH question because datg from the percolation test
holes might not be characteristic of the entire pPercolation

field soil.

According to MclGauhey ang Winneberger (1967), the following items

are pertinent tp septic tank systems:

1., A percolatipn test can only identify a soil that 1s capable
of transporting water providing its infiltrative capacity
(the rate at which water is absorbed by the soil) is

maintained.
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Table 11

GEOGRAPHIC CONSTRAINTS FOR a/
SITING SEPTIC TANKS AND LEACH FIELDS

Septic Tanks, : Leach Field,
Minimum Horizontal : Minimum Horizontal
: Distance : Distance
Feature : (feet) : {meters) : {feet) . (meters)

Building or Structures 5 1.5 8 2.6
Property Line 5 1.6 5 1.5
Water WellY 100 30 100 30
Perenially Flowing |

StreamSE/ 100 30 ] 100 30
Drainage Course or /

Ephemeral Stream- 50 15 50 15
Ocean, lLake, or '

Reservoire 100 30 100 30
Large Trees 10 3 10 3
Leach Field 5 1.5 - —_—
Water Pipe 5 1.5 5 1.6
Fill Areas - - 15 4,5
Cut Slopef/ 10 3 40 12

a/ Data from Sonoma County Public Health Service,

E] Minimum horizontal distance in downslope direction of ground, down-gradient
direction of water table, or downdip direction of geologic materials.

¢/ Measured to line which defines limit of 10-year frequency flood.

d/ Measured to edge of channel.

e/ Measured to high water line.

¥/ Measured distance to top of cut bank must exceed 4 times depth of cut.
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According to work done by Allen and Morrison (1973), bedding
planes, jeints, and fractures readily accept and convey percola-
ting effluent. The direction and rate of movement of the effluent
is largely affected by the anisotropy of these bedrock openings,
and it is suspected that the effluent can move as far as 200 feet
(60 m). Because the openings may contain little, if any, filling,
there would be insufficient purification of the effluent, and
thus, it could enter and pollute a nearby "hard rock" water well.
For example, on rural lots, the septic tank and leach field
normally is located downhill from the water well, as shown on
Figure 11. In Case No. 1, the rock strata dip downhill and
effluent from the leach field, if it entered the rock mass,

would flow to the left and cause no threat of pollution. In
contrast, Case No. 2 depicts a topographically identical situa-
tion to Case No. 1. 1In this latter case, however, the rock
strata dip from the area of the leach field toward the water

well. Because of this latter situation, effluent from the leach
field might flow down-gradient, to the right, and enter the water
well at some depth below the bottom of the sanitary seal.

Waltz (1972) has reported on a number of studies of mountainous
areas in Colorado involving septic tanks and "hard rock" water
wells. Water samples from some of the wells. contained
Escherichia coli, indicating pollution from nearby septic
Tanks. The studies showed that there are at least 10 variables
involved in the hydraulic system between a septlc tank and a
"hard rock" water well. The two most important variables are:

1. The horizontal angle between the average direction of dip
of bedding, fractures, and Joints and the line between the
leach field and the water well.

5. The horizontal angle between the direction of ground slope
at the leach field and the 1line between the leach field and
the water well.

Waltz showed that if either of the two variables was less than
900, then there was a possibility that effluent could move later-
ally from the leach line to the water well. Furthermore, the
studies showed that the probability of pollution increased at

a significant rate as the angular values of the two variables
decreased.
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CHAPTER V. GROUND WATER RESOURCES

Sonoma County may be divided into three ground water resource

regions,

One 1is the wvalley areas comprising the seven ground
water basins found in the county.

A ground water basin is an

area that 1s underlain by water-bearing materials and is the

location of the

major ground water development. Ground water

usually 1is avallable in predictable quantities nearly everywhere

within the limjits of a ground water basin.

The seven ground

water basins in Sonoma County have an aggregate area of 268.7
square miles (695.9 square kilometers) and comprise 17 percent

of the total area of the county.

The ground water basins, with

their respective subbasins, their areal extents, and the number
of identified water wells in each subbasin, are listed on Table 12;
the locations of the ground water basins and subbasins are shown

on Figure 12.

The contiguous

comprise an important ground water terrain in Sonoma
Underlying 428|
of the total area of the county, this terrain is the
many hundreds o¢f water wells.

on Figure 12
County.
percent
slte of
the contig-

and detached ground water areas shown
3 square miles (1,109.3 km3), or 27.1

Geologic materials of

uous terrain range from sandstones of the Merced Formation,
which may yield large quantities of ground water to wells, to
rocks of the S¢noma volcaniecs, which in certain areas yield only
minimal supplies of water.

Detached ground water areas include the following:

area, which is

the Annapolis
underlain by the Ohlson Ranch Formation; Sea

Ranch, which is underlain by marine terraces; the small alluvial

valleys at the

mouths of Gualala River, Russian Gulch, Scotty

Creek, and Estero Americano; and the sand dune and terrace area

surrounding Bodega Bay.

In all of the detached ground water

areas, well yields are variable because deposits usually are thin
and may be nearly completely drained.

Much of the remainder of the county is underlain by nonwater-
bearing rock which 1s not considered to be a predictable source

of ground water

Occasional wells may be developed in these

»

rock areas ylelding supplies of ground water adequate for most
domestic or stock supplies.

Ground Water Movement and Depth

Ground water moves generally toward the central and lower portions

of the various

ground water basins. Although data are insuffi-

clent to develop a ground water contour map depicting the present
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conditions, none of the existing data suggest a general direction
of movement of ground water counter to that shown by Cardwell
(1958) and Kunkel and Upson (1960).

One of the difficulties in developing a usable map showing con-
tours on the elevation of the potentiometric surface 1s the

true representation of the many water levels present in wells.
Wells of differing depths may have widely different water levels
even though they are located only a short distance apart. For
example, wells in the depth range of less than 100 feet (30 meters)
in Section 17, Township 5 North, Range 5 West, have an average
depth to water of 46 feet (14 meters). Wells in the same section
in the depth range of from 200 to 300 feet (60 to 90 meters)

have an average depth to water of only 7 feet (2.1 meters). In
contrast, wells located in Section 10, Township 5 North, Range 6
West, in the depth range of from 100 to 200 feet (30 to 60 meters),
have an average depth to water of 7 feet (2.1 meters), while

wells in the same section in the depth range of from 300 to 400
feet (90 to 120 meters) have an average depth to water of 130 feet
(40 meters). Figure 13 shows the average depth to water for
various depth intervals by quarter township. Table 13 presents

a tabulation of these data by sectlon.

Long-Term Changes in Ground Water Levels

The only way to evaluate any long-term changes in elevations

of the various water levels is through the use of hydrographs
of certain key wells. A hydrograph 1s a graphical record of
water level measurements, ideally taken during spring and fall
of succeeding years, of a well for which the depth and construc-
tion details are known. The spring water level reading repre-
sents the highest level to which the ground water has recovered
after the winter precipitation season; conversely, the fall
measurement represents the lowest cyclic level to which the
ground water level has dropped near the close of the summer
pumping period.

Examination of long-term hydrographs gives a graphic record of
slow declines, or recoveries, of levels of the various ground
water bodies. Data of this type are available from 16 key wells
throughout Sonoma County; hydrographs of these wells are pre-
sented on Figure 14. Most wells shown on Flgure 14 have measure-
ment records going back to 1950. A 25-year record from each well
gives a good estimation of the nature of the ground water system
that the well taps. For example, Well No. 6N/8W-7P2, shown on
Figure 14, taps the Merced Formation and has a measurement record
going back to the fall of 1949. The hydrograph indicates that
there is essentlally no change in water levels over the 26-year
period, suggesting that the aquifer system which the well taps

is being adequately recharged to meet its demand. In contrast,
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GROY

ND WATER BASINS AND WATER WELL DEVELOPMENT

Table 12

Basin and Area Number of

Ground Water Basin Subbasin (square : (square Identified

and Subbasin Number miles) : kilometers) Water Wells
Alexander Valley 1-17.00 31.8 82.4 466
Alexander Area 1-17.01 23.3 60.3 321
Cloverdale Area 1-17.02 8.5 22,1 145
Santa Rosa Basin 1-18.00 126.7 328.0 4,006
Santa Rosa Plain 1-18.01 95.7 247.8 3,127
Healdsburg Area 1-18.02 27.4 70.9 495
Rincon Valley 1-18.03 3.6 2.3 384
Knights Valley 1-22.00 5.3 13.7 5
Kenwood Valley 1-23.00 6.2 16.1 57
Lower Russian Riven 1-98.00 9.3 24,1 69
Petaluma Valley 2-1.00 40.9 105.9 144
Sonoma Valley 2-2.02 49,5 128, 2 382
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Tabtle 13

AVERAGE DEPTH TO WATER

Average Depth to MWater by Well Depth
Twp | Rge | Sec (In Feet) (In Heters)
0-99 : 100-199 : 200-299 : 300-399 : 400499 : >500 | 0-30 : 30-61 : 61-91 : 91-121 : 121-152 : >152
3 6 1 8 - - - - - 2.4 - . - - -
4 5 2 24 - - - - - 7.3 - - - - -
& 8 16 - - - - 2 4.9 - - - -
7 35 - - - - - 10.7 - - - - -
12 | 17 - - - - - 5.2 - - - - -
14 - - - - - 17 - - - - - 5.2
19| - - - - B5 15 - - - - 25.9 4.8
4 6 1 - 45 15 - 25 - - 13.7 4.6 - 7.6 -
8 26 ke - - - - 7.9 9.1 - - - -
17 - 43 - - - - - 13.1 - - - -
21 - - 49 - - - - - 4.9 - - -
26 - 1 - - - - - 4.3 - - - -
4 7 2 2 15 - - - - 0.6 4.6 - - - -
4 25 25 195 - - - 7.6 7.6 5.4 - - -
5 30 - - ~ - - 8.1 - - - - -
6 -~ - 50 - - - - - 15,2 - - -
14 18 - - - - - 5.8 - - - - -
22 15 - - - - - 4.8 - - - - -
5 5 4 - - - - 108 180 - - - - 32.8 od. 8
7 13 - 8 10 62 - 4 - 2.4 3 18,9 -
8 19 40 29 24 20 - 5.8 12,2 8.8 7.3 6.1 -
9 - 20 40 - - - - g.1 12,2 - - -
17 46 13 7 - - - 14 4 2.1 - -
18 14 13 - 20 - - 4.3 4 - 6.1 - -
19 20 12 - - - - 6.1 3.7 - - - -
20 10 28 33 - - - 3 8.5 10.1 - - -
21 - 25 33 125 70 - - 7.6 1001 38.1 21.3 -
22 - - - 20 22 - - - - 6.1 6.7 -
28 - 16 14 18 18 - - 4.9 4.2 5.5 5.5 -
29 30 1% 100 - 70 - 8.1 5.8 30.5 - 21.3 -
31 17 - - - - - 5.2 - - - - -
33 10 35 - - - - 3 14,7 - - - -
5 & 1 40 23 48 36 - 30 12.2 H 4.8 11 - 9.1
2 - 68 55 - - - - 20.? 16.8 - - -
3 - 7 30 - 114 - - 2,1 g.1 - 34,8 -
5 - - - - 130 118 - - - 38,6 36
9 - - 5 - - - - - 1.5 - - -
10 - 7 80 130 140 - - 2.1 24.4 9.6 42,7 -
11 &4 35 - - - - 2.8 10.7 - - -
12 35 30 23 - 20 7 10.7 9.1 7 - 6.1 2.1
13 25 30 30 9 - 40 7.6 2.1 5.1 2.7 - 12,2
14 35 - - - - - 10.7 - - - - -
15 - - 10 - - - - - 9.1 - - -
23 - 16 - - - - - 9.9 - - - -
25 - - - - - 12 - - - - - 3.7
25 27 15 - - - - g.2 4,6 - - - -
26 31 3 - -~ - - 9.6 .9 - - - -
29 - - 40 - - - - - 12.2 - - -
33 - 38 40 18 - 21 - 17.6 12.2 8.8 - €.9
36 30 - - - - - 8,1 - - - - -
5 7 3 - 10 - - - - - 21.3 - - - -
5 21 50 79 63 116 - 6.4 15.F 24.1 19,2 35.4 -
6 25 56 - - - - 7.6 17,1 - - - -
7 1) 46 - - 128 - i¢ 14 - - 39 -
8 - 62 - - - - - 18.8 - - - -
9 - 15 - - - 51 - 4.6 - - - 5.5
10 - 95 - - - - - 29 - - - -
11 - - 140 - - - - - 42,7 - - -
15 - 26 82 60 - - - 7.8 28 18.3 - -
16 37 50 52 - - - 11,3 15.2 15.8 - - -
17 - 60 40 60 10 - - 18,3 1a.2 18.38 ~
18 10 25 46 - 39 - 2 7.6 14 - 11.9 -
19 70 46 82 - - - 21,3 14 25 - - -
20 30 46 90 - 51 - a1 14 27.4 - 15.5 -
21 - 29 - - - - - 8.8 - - - -
22 [ 45 35 - - - 1.2 13.7 16.7 - - -
25 - - - - 11 - - - - 3.4 -
5 7 26 - 13 - - - 7 - 4 - - - 2,1
27 27 - 20 - - - 8.2 - 8.1 - - -
28 18 - - - 24 - 5.5 - - - 7.3 -
29 - 43 53 - - - ~ 3.1 16. 5 - - -
30 35 29 10 - - - 6.7 8.8 8.7 - - -
31 31 22 33 - - - 4.5 6.7 10.1 - - -
3z 20 28 110 - - - 6.1 8.5 33.5 - - -




Table 13 (continued)
Average Depth to Mater by Well Depth
Twp | Rge | Sec | {In Feet) {In Heters)
0-99 : 100-199 : 200-299 : 300-399 : 400-49% : >500 0=-30 : 30-61 : §1-81 : 91-121 t 121-152 + >152
5 7 33 8 24 10 - - - 2.4 7.3 3 - - -
3% | 15 - - - - - 4.6 - - - - -
35 | 18 - - - - - 5.5 - - - - -
5 3 1| 28 44 96 - - - 8.5 13.4  29.3 - - -
2] - - - 183 - - - - - 55,8 - -
3| - 12 - - - - - 5.8 - - - -
4 - - 20 - - - - - 6.1 - - -
10 - 20 - - - - - 8.1 - - - -
11 - 55 54 86 175 - - 16.8 18.5 26.2 53.3 -
1z 25 - - 16 - - 7.6 - - 4.8 - -
13 - - 45 20 - - - - 13.7 5.1 - -
14 - 17 40 - - - - 11.3 12.2 - - -
15 15 - 41 - - - 4.6 - 12.5 - - -
16 - 18 - - - - - 8,8 - - - -
17 - 4 - - - - - 1.2 - - - -
21 - 32 a5 - - - - 8.8 10.7 - -~ -
22 - 14 77 - - - - 4.3 23.5 - - -
23 20 31 51 14 - - 6.1 9.4 15,8 4.3 - -
24 12 30 22 - 40 - 3.7 8.1 6.7 - 12,2 -
25 12 45 - - - - 3.7 13.7 - - - -
26 8 17 68 53 140 - 2.4 8.2 20.7 18.2 42.7 -
27 | - 20 75 - 14 10 - 8.1 22,9 - 4,3 3
28 - 5 - - - - - 1.6 - - - -
10 | 10 - - - - - g - - _ - _
a | - 45 - - - - - 13.7 - - - -
36 20 40 12 - - - 8,1 1z.8 3.7 - - -
5 9 41 - 15 6 35 - - - 4.6 1.8 10,7 - -
15 6 15 - - - - i.8 4.8 - - - -
23 - 20 90 - - - - 6.1 27.4 - - -
6 6 1 - ~ - 180 - - - - - 54. 9 - -
2 - - 200 - - - - - &1 - - -
3 - - - 200 - - - - - 81 - -
4 - - 18 - - - - - 5.8 - - -
5 - 30 - - - - - 8.1 - - - -
& - - 100 - - - - - 3.8 - - -
7 - 32 45 45 20 - - 9.8 13.7 13.7 8.1 -
8 - 48 21 23 - - - i4.6 6.4 7 - -
9 9 - 15 49 3z - 2.7 - 4.6 14.8 5.8 -
i0 4 - 20 - - - 1.2 - 6.1 - - -
15 & - - - - - 1.2 - - - - -
16 | - 30 - - 20 - - 8.1 - - 6.1 -
17 - - 70 190 - - - - £21.3 &7.8 - -
18 - - - 20 - - - - - £.1 - -
20 - 24 - - - - - 7.8 - - - -
23 - - 4 - - ~ - - 1.2 - - -
26 - 40 26 - - - - iz.2 7.9 - - ~
27 - 23 - - - - 7 - - - -
33 - - - - - 80 - - - - - 24.4
36 | - 60 - - - - - 18.3 - - - -
35 | - 24 81 - - - - 7.3 247 - - -
6 7 2 | - 68 92 34 - - ~ 0.7 28 10.4 - -
3 40 60 83 87 100 38 iz.2 18.3 25.3 26.8 3.5 11.8
4 - 31 45 73 65 - - &.4 13.7 22.3 19.8 -
7 - 38 - - - - - 11,6 - - - -
8 - - - - - 134 - - - - - 40.8
9 25 74 1i0 - - - 7.6 21.3 33.5 - - -
10 20 27 97 ~ - - 8.1 8,2 28,86 - -~ -
11 - 32 - 126 - - - 3.8 - J8.4 - -
12 - 54 - - - - - 18,5 - - - -
13 - - - - 86 - - - - - 26.2 -
14 14 22 - - - - 4.3 6.7 - - - -
5 35 36 52 108 - -~ ig.7 Ii i5.8 32.9 - -
16 - - 40 - - - - - iz a2 - - -
17 29 79 - - - - 8.8 24,1 - - - -
18 15 - 24 - - - 4.8 - 7.3 - - -
19 | - 15 - - 25 - - 4.6 - - 7.6 -
20 - 12 36 -~ - - - .7 11 - - -
22 - - - 35 -~ - - - - 10,7 - -
23 - - - - - 73 - - - - - 22.89
26 - - - 310 - - - - - 54,5 - -
27 - 97 181 - - 20 - 25.8 55.2 - - 8.7
28 - - - - - 254 - - - - - 89.6
29 | - - 65 - - - - - 19.8 - - -
31 - &0 - - - - - i8.3 - - - -
2 |- - - - 200 - - - - - 61 -
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Table 13 (centinued}

Average Depth to Water by Mell Depth
Twp { Rge | Sec {In Feet) {In Meters)
0-99 : 100-199 : 200-299 :-300-39% : 400-49% : >500 =30 ¢ 30-61 1 £1-81 * 91-121 @ 121-152 & »152
6 B 1 24 8 73 95 10 - 7.3 2.4 22,3 29 3 -
2 16 18 - - - 49 4.8 5.8 - - - 14,8
3 13 7 - - - - 4 2,1 - - - -
4 12 18 40 - - - 3.7 5.5 12.2 - - -
5 21 k'] - - - 117 6.4 11.8 - B - 13.4
-] I35 12 - - - - 4.8 3.7 - - - -
7 15 a8 38 36 61 25 4.6 i1.8 1.8 12 13.¢ 7.6
8 30 10 30 - - 40 8,1 3 8.1 - - 12.2
] 28 31 28 - 23 35 8.5 9.4 8.6 - 7 18,7
10 11 21 - - - - 3.4 6.4 - - - -
11 16 18 - - - - 4.9 5.8 - - - -
12 17 18 - 80 - - 5.2 5.5 - 24.4 - -
13 20 - - - - - 6.1 - - - - -
14 3t 18 - - - - 8.4 5.8 - - - -
15 20 36 - - - - 6.1 11 - - - -
16 39 45 - - 125 &0 11.8 13.7 - - 38.1 18,3
¥ 6 50 15 20 - 57 4.9 15.2 {.6 £.1 - 17.4
I8 18 43 60 51 - 53 6.8 13.1 18.3 12.5 - I6.2
19 22 46 39 54 50 - 6.7 14 11.8 16.5 15.2 -
20 21 45 65 70 - - 6.4 13.7 19.8 21.3 - -
21 33 39 20 15 - - 10 11.8 £,1 4.6 - -~
22 17 18 - - - - 5.2 6.8 - - - -
24 11 - - - - - 3.4 - - - - -
25 8 23 - - - 18 2,4 7 - - - 5.5
26 18 - - - 12 - 8,8 - - - 2.7 -
27 20 30 40 38 35 - 6.1 5.1 12,2 11,6 16,7 -
28 - - 60 - - - - .- 18.3 - - -
29 18 34 53 13 40 - 5.8 10.4 i6.2 13.5 12.2 -
30 15 50 48 87 70 - 4.6 15.2 14,6 26,56 2l.3 -
EXS 17 41 - 100 - - 5.2 12.5 - 30.45 -
32 - 21 78 - - 120 - 6.4 23.8 - - 36.6
33 s 0 25 - 35 - 10.7 8.1 7.6 - 18.7 -
34 - 32 - - - - - 3.8 - - - -
is 29 45 80 - - - 8.8 13.7 4.9 - - -
36 15 20 - - - 30 4.8 6.1 - - - 9.1
[ 9 1 18 22 19 - 40 - S 8.7 5.8 - iz. 2 -
2 3z 42 64 100 83 36 8.8 12,8 18.5 30,6 25,3 i1
3 15 2% 42 o 30 - 4,8 8.8 iz.8 5.1 8.1 -
4 it - 75 127 210 - 6.4 - 2.8 38.7 64 -
5 11 27 119 127 - - 3.4 8.2 33.8 8.7 - -
6 14 53 68 - - - 4,37 18,2 30,7 - - -
7 7 38 141 - - - 2.1 i1.€ 43 - -
8 28 32 111 1%0 - - 8.5 2.8 33.8 §7.9 - -
g 26 51 104 126 1%0 - 7.8 16,48 31.7 35.4 57.8 -
10 17 40 44 112 47 - 5.2 18.2 13.4 34.1 13.1 -
11 20 49 59 58 55 80 8.1 4.8 18 i7.7 16.8 24.4
12 25 32 32 39 42 47 7.8 5.8 2.8 11.8 12.8 14,3
13 24 32 52 444 60 60 7.3 8.8 15.8 13.4 18,3 18,38
14 28 45 63 64 7 - 8,5 13.7 1s. 2 18,8 21.6 -
15 - 41 67 - - - - 12,8 20.¢ - - -
16 9 34 32 - - - 2.7 10.4 8.8 - - -
17 - 46 58 - 72 - - 14 7.7 - 21.8 -
18 18 41 4 105 - - 5.8 12,6 22,8 32 - -
20 40 36 92 - - - 12.2 11 8 - - -
21 33 49 - - 150 - 10 4.9 - - 45.7 -
22 15 - 8 - - 60 4.6 - 2.4 - - 18.3
23 17 51 57 140 - - 5.2 15,5 17.4 42.7 - -
24 - 35 12 - - - - 10,7 3.7 - - -
25 - 32 - - - - - g.8 - - - -
26 - - - 200 - - - - - £1 - -
27 30 - 60 - 15¢ - 5.1 - 15.3 - 45.7 -
32 5 - - 14 - - 1.6 - - 4.2 - -
33 [ 15 3% - - - 1.8 4.8 10.7 - - -
34 - 22 - - - - - 6.7 - - - -
6 10 1 8 32 55 - -~ - 8.5 8.8 16,8 - - -
2 15 - - - - - 4.6 - - - - -
3 15 - - - - - 4.4 - - - - -
4 20 - - - - - 6.1 - - - - -
5 19 - - 15 - - 5.8 - - 4.6 - -
[ 14 - - - - - 4.2 - - - - -
] 27 9 - - - - 8.2 2.7 - - - -
9 23 10 - - - - 7 E) - - - -
12 11 38 - - - - 3.4 11.6 - - - -
13 16 - 25 - - - 4.9 - 7.8 - - -
16 37 - - - - - 11,2 - - - - -
21 16 1z 10t - - - 4.8 3.7 30,8 - - -
22 - - 20 - - - - - .1 - - -
23 20 - 45 - - - 6.1 - I13.7 - - -
24 - 15 - - - - - 4.6 - - -
25 - 17 - 3 - - - 5,2 - .9 - -
27 7 - - - - - 2,1 - - - - -
29 2 - - - - - .8 - - - - -
30 - - 47 - - - - - i4.3 ~ - -
36 - 28 - - - - - 8.5 - - - -
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Table 13 {continued)
Average Depth to Water by Well Depth
Tep | Rge | Sec {In Feet} ; {In Meters)
0-99 100-199 : 200-299 : 300-39% : 400-499 : >500 0-30 : 30-61 : 61-91 : 81-121 : 121-158 : »152
6 11 4 20 - - - - - - - - - - -
14 11 - - - - - 3.4 - - - - -
15 14 - - - - - 4.3 - - - - -
22 28 - - - - - 8.5 - - - - -
23 | to - - - - - 3 - - - - -
261 - 13 - - - - - 4 - - - -
34 | 10 - - - - - 3 - - - - -
36 13 - - - - - 4 - - - - -
7 6 18 | - - - - - 185 - - - - - 56.4
19 - 16 - 35 50 - - 4.9 - 16.7 I5.2 -
20 12 7 - - - - 3.7 2.1 - - - -
29 - 15 - - - - - 9.6 - - - -
30 4 & 12 35 3o - 1.2 1.8 3.7 16,7 8.1 -
31 40 - - - - - 12,2 - - - -
k¥ 10 3 - - - - 3 .9 - - - -
7 7 1 - 5 - - - - - 1.5 - - - -
3 44 38 - - - - 13.4 I1.86 - - - -
5 20 43 58 [1: - 12 8.1 13.1 17,7 30,7 - 3.7
6 21 a7 24 42 - - 8.4 11.3 7.3 12.8 - -
7 20 40 37 15 - - 6.1 12.2 11.3 ¢ 4.6 - -
8 17 47 50 49 69 72 5.2 14,3 15,2 4.9 21 21.9
9 - 51 53 117 - 86 - 15.5 16.2 35.7 - 26.2
10 25 62 90 122 - - 7.8 18.8 27.4 37.2 - -
15 13 46 27 65 75 - 4 14 8.2 19.8 82,9 -
16 12 71 42 - 20 - 3.7 21.6 12.8 - £.1 -
17 - - 97 76 - - - - 29.6 23,2 - -
18 28 A7 57 - - - 8.5 14,8 7.4 - - -
19 5 26 - - - 30 19.7 7.8 - - - 24.4
20 55 55 144 53 - - 16.8 16.8 43,9 1¢,2 - -
23 - - 70 - - - - - 21,3 - - -
24 24 - - - - 20 7.3 - - - 8.1
25 - - - 27 - - - - - g.2 - -
30 40 30 99 210 - - i2.2 8.1 30.2 64 - -
32 18 42 74 - - - 55 12.8 22.6 - - -
33 - 104 - ~ - - - 31.7 - - - -
34 - - 35 - - - - - 10.7 - - -
T - 25 - - - - - 7.8 - - -
7 8 1 - 50 75 - - - - 15.2 28,9 - - -
2 20 41 163 - - - .1 12.5 48.7 - - -
3 13 a7 150 - - - q 11.3 45.7 - - -
4 16 19 16 - - - 4.8 5.8 4.8 - - -
5 18 12 - - -~ - 5.5 3.7 - - - -
6 26 24 - 26 - - 7.8 7.3 - 7.8 - -
7 20 33 47 - - - 6.1 12 14,3 - - -
B 17 26 30 - - - §.2 7.8 2.1 - - -
¢ 17 21 - - - - 5.2 £.4 - - - -
10 16 21 8 9 - 80 4.9 6.4 2.4 2.7 - 24.4
11 22 40 150 - - - 6.7 iz.2 45,7 - - -
12 24 56 103 340 - - 7.3 I7.1 31.¢ 103.6 - -
13 16 2L - - - - 4.9 5.4 - - -
14 20 49 - - - - g.1 4.9 - - - -
1% 13 17 45 - - 94 4 5.2 13.7 - - 28,7
16 17 13 20 15 - - 5.2 ¢ g2 4.9 - -
17 18 7 - 36 - -~ 5.5 8.8 - 2.1 - -
18 19 27 - - - - 5.8 8,2 - - - -
19 15 23 10 - - - 4.6 7 3 - - -
20 10 8 - 18 - - 3 2.4 - 5.5 - -
21 23 16 - 25 8 - 7 4.5 7.6 2.4 -
22 14 20 - - - - ¢.3 g1 - - - -
23 15 17 - - - - 4.8 5.2 - - - -
24 13 26 50 35 - 33 4 7.8 .2 0.7 - 10
25 17 28 71 62 - - 8,2 8.5 21,8 18 - -
26 12 16 - - - - 3.7 4.9 - - -
27 16 15 40 - 40 - 4.9 4.6 18,8 - 12.2 -
8 14 - 13 - - - 4.3 - 5.8 - - -
29 14 16 - - - 10 4,3 4.9 - - - 3
30 18 23 b - - 38 5.8 7 1.8 - - 11.6
3t 14 - - - - - 4.2 - - - - -
32 12 3 - - - - 3.7 .8 - - - -
33 i1 19 23 - - 430 3.4 5.8 7 - - 131.1
34 12 30 - - - - 3.7 9.1 - - - -
35 22 27 30 - - 37 6.7 a,2 a,1 - - 11.3
36 20 - 25 - - - 6.1 - 7.6 - - .
7 9 1 - 27 110 as - - - 8.2 33.5 29 - -
z 29 29 60 125 - - 8.8 8.8 8.3 38.1 - -
3 38 - 41 - - - 11.6 - j2.8 - - -
4 34 - - - - - 10.4 - - - - -
5 20 16 - - - - £,1 4.9 - - - -
T




Table 13 {continued}

) Average Depth to Water by Well Depth
Twp | Rge | Sec {In Feet) {In Meters)

0-99 : 100=-199 : 200-299 : 1300-399 : 400-499 : >500 0-30 : 30-81 : 61-91 . 9I1-121 ; 121-152 : »152

7 9 6 19 - - - - - 5.8 - - - - -
? 11 - - - - - 3.4 - - - - -
8 22 30 51 65 - - 6.7 2,1 15.8 i8.8 - -
9 - 48 55 50 - - - 14.86 16.8 15.2 - -
10 28 48 46 115 - - 8.5 14,8 14 35.1 - -
11 25 40 25 24 - - 7.6 12.2 7.8 7.3 - -
12 21 20 100 - - - 6.4 6.1 30,8 - - -
13 21 31 37 - 55 2 6.4 9.4 11.3 - 16.8 N
14 27 42 60 - - - 8.2 i2.8 8.3 - - -
15 35 42 69 288 - - 0.7 12.8 21 §7.8 - -
16 35 43 67 55 - - 10.7 13.1 20.4 i6.8 - -
17 31 23 18 5 10 - 8.4 7 5.5 1.5 K -
18 27 8 - - - - 8.2 2.4 - - - -
19 18 19 - - - - 5.8 5.8 - - ~ -
20 26 52 - - - - 7.9 15.8 - - - -
21 9 32 11 30 85 - 2,7 8.8 21.6 8.1 25.9 -
22 30 25 30 60 43 - 8.1 7.6 9.1 18.3 13.1 -
23 az 48 41 - - 17 5.8 14. 6 12.5 - 5.2
24 40 29 - - - - 12.2 8.8 - - - -
25 18 19 21 12 - - 5.5 5.8 6.4 3.7 - -
26 26 - - 87 33 - 7.9 - - 26,8 10 -~
27 41 42 3] 75 - 19 12.5 12.8 21 22,9 - 5.8
28 20 60 80 80 83 12 6.1 18.8 24.4 24.4 25.3 3.7
29 - 29 40 92 - - - 8.8 12.2 28 - -
30 23 a7 - - - - 7 11,3 - - - -
) 36 36 86 170 - - 11 11 26.2 51.8 - -
32 - 25 75 156 180 - - 7.6 62,9 47.5 54.8 -
33 21 53 110 77 50 - g.4 16.2 33. 5 23.8 15.2 -
34 29 34 a7 34 36 48 8.8 8.4 11.3 10.¢ 13 4.6
35 53 56 35 22 - - 16,2 7.1 0.7 §.7 - -
36 25 30 12 - - - 7.6 8,1 3.7 - - -
7 10 1 17 - - - - - 5.2 - - - - -
2 18 - - - - - 5.5 - - - - -
3 - 80 - - - - - 24.4 - - - -
4 15 - - - - - 4.6 - - - - -
5 - 42 - - - - - 12.8 - - - -
6 - 54 - - - - - 16,5 - - - -
10 10 30 - - - - 3 8.1 - - - -
11 - 49 - - - - - 4.9 - - - -
13 ) - - - - - 1.8 - - - - -
14 5 - - - - - 1.8 - - - - -
20 5 - - - - - 1.8 - - - - -
21 12 - - - - - 3.7 - - - - -
23 21 40 - - - - 6.4 12.2 - - - -
24 18 - 160 - - - 5.8 - 48.8 - - -
25 18 19 - - - - 5.8 5.8 - - - -
26 20 45 - - - - 6.1 13.7 - - - -
27 - & - - - - - 1.8 - - - -
28 14 80 - - - - 4.3 24.4 - - - -
29 25 30 - - - - 7.8 8.1 - - - -
30 - 78 - - - - - 23.8 - - - -
32 16 - - - - - 4.8 - - - - -
a3 24 26 15 - - - 7.8 7.2 4.6 - - -
34 14 - is - - - 4.3 - iz - - -
5 14 43 - - - - 4.3 13.12 - - -
36 15 40 30 - - - 4.6 iz 2 8.1 - - -
7 11 2 14 - - - - - 4.3 - - - - -
3 15 - - - - -~ 4.8 - - - - -
10 22 - - - - - 6.7 - - - - -
12 38 - - - - - 11.8 - - - _ -
15 23 120 - - - - 7 36.8 - - - -
18 8 - - - - - 2.4 - - - - -
19 42 61 - - - - 12.8 18.6 - - - -
29 18 - 100 - 68 - S8 - 30.5 - 20,7 -
32 11 - - - - - 3.4 - - - - -
8 [ 19 42 - - - - - iz.8 - - - - -
0 70 33 - - - - £21.3 10,1 - - - -
32 - 90 - - - - 27.¢4 - - - -
8 7 1 - - 100 - - - - - 30.5 - - -

3 |- - - - - 420 - - - - - 128
4 - - 45 - 330 - - - 13,7 - 106.6 -
7 | 14 57 115 - - - 4.2 17,4  35.1 - - -
8 - 117 - - - - - 35.7 - - - -
9 |- - 80 - - - - - 24.4 - - -
10 30 16 - - - - 3.1 4.9 “ - - -
16 |- 106 170 - 190 - - 32,3 51,8 - 57,9 -
17 - - 75 - - - - - 82,9 - - -
20 |- 27 - 205 - - - 5.2 - £2.5 - -
25 | a0 - - - - - 12.2 - - - - -
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Table 13 (continued}
Average Depth to Water by Well! Depth
Twp | Rge | Sec {In Feet) {In Meters)
0-99¢ : 100-199 : 200-299 : 300-399 : 400-499 : >500 0-30 : 30-61 : £1-91 : 91381 : 121-152 : >3§2
8 7 26 - - 114 - - - - - 34.7 - - -
27 12 30 - - 300 - 3.7 9.1 - - 91.4 -
29 - 13 - - - - - 4 - - - -
31 - 30 35 64 138 460 - 9,1 i0.7 19.5 42,1 J40.2
32 - 70 70 - - - - 21.3 21.3 - - -
34 - 12 - - - - - 3.7 - - -
35 - 10 - - - - - 3 - - - -
8 2 1 - - - 220 - - - - - 67.1 - -
5 15 23 45 - - - 4.6 ? 13.7 - - -
[ - - 60 20 - - - - 18.3 6,1 - -
7 - 75 24 - - - - 62,8 7.8 - - -
-] 62 28 147 - - - 18.8 8.5 44.8 - - -
9 29 - - - - - a.8 - - - - -
11 18 29 - - - - 5.6 8.8 - - - -
12 44 - - 15 - 20 13.4 - - 4.6 - g,1
14 - 90 167 - - - - 27.4 5¢.9 - - -
17 - 49 - 110 246 69 - 14.89 - 33.5 78 21
18 29 42 46 45 53 - 8,8 12.8 id 13.7 16.2 -
19 30 41 11 36 - - 9.1 12,5 3.4 11 - -
20 34 53 34 - - - 10,4 16.2 i0.4 - - -
21 88 65 222 - - - 26.8 18.8 7.7 - - -
22 - 107 - - - - - 32.6 - - - -
23 50 97 110 290 - - i5.2 289.6 33.5 88.4 - -
25 i0 - 144 147 - - ks - 43.8 44.8 - -
26 15 65 143 210 - - 4.6 is8.8 43. ¢ 64 - -
27 16 166 230 - - - 4,5 50.8 70.1 - - -
28 23 - - - - - 7 - - - - -
29 25 50 96 36 - - 7. € is.2 29.3 11 - -
30 21 21 17 a3 - - 6.4 8.4 5.2 i0 - -
31 16 22 - - - w 4.8 6.7 - - - -
32 17 &5 19 - - - 5.2 14.8 5.8 - - -
33 31 27 - - - 12 9.4 8.2 - - - 3.7
34 20 17 20 - - - 6.1 5.2 g.1 - - -
36 - 52 - - - - - 15.8 - - - -
8 g 1 19 45 69 80 - - 5.8 13,7 21 24.4 - -
2 35 42 - - - - 10,7  12.8 - - - -
3 27 20 40 - - - 8.2 6.1 iz2.2 - - -
4 17 - - - - - s.2 - - - - -
5 15 20 - - - - 4.8 §,1 - - - -
7 18 - - - - - 8.8 - - - - -
9 18 - - - - - 5.0 - - - - -
10 59 50 - - - - 18 15.2 - - - -
11 37 48 53 - - 52 I1.3 14.6 i6.2 - - 15.8
12 35 39 20 - - 30 1a.7 11.8 8.1 - - 8.1
13 36 40 33 - 47 - i1 12,2 1g - 14.3
14 0 45 40 - - 50 8.1 13,7 iz2.2 - - 15.2
15 ki3 50 87 - - - 11.6 15.2 26.5 - - -
16 80 - - - - - 24,4 - - - - -
19 66 - - - - - 20.1 - - - - -
20 | 18 - - - - - 5.5 - - - - -
21 | 20 - - - - - 6.2 - - - - -
22 27 51 &0 40 - - 8.2 12.5 12.2 13,2 - -
23 iz 26 - - 18 - 8.8 7.8 - - 5.8 -
24 32 30 37 30 - - 5.8 8.1 11.3 9.1 - -
25 30 21 52 - - - 8.1 5.4 15.8 - - -
26 31 34 - - - - 8.4 10.4 - - - -
27 27 65 - 71 2 - 8,2 18.8 - 21.8 .6 -
28 | 33 60 - - - - 10 18.3 - - - -
29 33 15 - - - - 10 4.6 - - - -
31 24 33 - - - - 7.3 ig - - - -
32 20 40 60 - - - 6.1 12.2 18.3 - - -
33 21 - . 65 - - - 6.4 - 1.8 - - -
36 10 - 12 - - - 3 - 3.7 - - -
8 10 17 ] - - - - - 1.8 - - - - -
19 10 - - - - - 3 - - - - -
20 10 - - - - - 3 - - - - -
21 30 - - - - - 8.7 - - - - -
22 - 102 - - - - - 31.1 - - - -
25 17 - - - - - 5.2 - - - - -
26 24 - - - - - 7.3 - - - - -
28 a - - - - - 2.4 - - - - -
29 9 - - - - - 2,7 - - - - -
30 16 70 20 - - - 4.9 23,38 6.1 - - -
31 25 25 - - - - 7.6 7.6 - - - -
32 ] 45 - - - - 1.8 13.7 - - - -
3 | n - - - - - 3.4 - - - - -
M |20 100 - - - - 6.1 30.5 - - - -
5 3 - - - - - .9 - - - w -
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Table 13 (continued)

Average Depth to Water by Well Depth
Twp | Rge | Sec {In Feet) {In Meters)

0-99 : 100=-199 : 200~29% : 300-39% :© 400-49% : >500 | 0-3¢ : 30-61 : 61-81 : §1-121 ; 121-152 ; »lé2

g 1 1| 3 - - - - - 9.1 - - - - -
21 14 - - - - - 4.3 - - - - -

22| 15 - - - - - 4.6 - - - - -

27 15 - - - - - 4.6 - - - - -

34 22 - - - - - 6.7 - - - - -

8 12 7 - 67 - - - - - 20.4 - - - -
21 - 100 - - - - - 30.5 - - - -

8 13 21 28 - - - - - 8.5 - - - - -
9} 16 a - - - - 4.9 3.4 - - - -

10 7 - - - - - 2.1 - - - - -

17 17 45 - - - -~ 5.2 13,7 - - - -

13 60 - - - - - 18,3 - - - - -

14 ] 1s 19 - - - - 4.9 5.8 - - - -

24 - 50 - - - - - 15.2 - - - -

9 7 18 9 - - - - - 2.7 - - - - -
19 - 50 40 70 - - - 15,2 12,2 21.3 - -

28 25 - - - - - 7.6 - - - - -

291 - - - 23 - - - - - ? - -

a1 - 210 40 30 - - - 64 12.2 9.1 - -

32 28 - - - - - 8.5 - - - - -

9 8 6 56 38 20 25 - 35 17, 11.6 6.1 7.6 - 10.7
7 15 - - - - - 4.6 - - - - -

gl - - 25 - - - - 7.8 - - -

17 13 36 - - 20 90 4 i1 - - 8.1 27.4

18 15 - - - - - 4.6 - - - - -

20 | 14 29 30 - - - 4.3 8.8 8.1 - - -

21 - - - 45 - - - - - 13.7 - -

28 - - - - 50 - - - - - 15.2 -

2 1 22 62 - - - - 6.7 18.9 - - - -

31 - 75 - - - - - 22,9 - - - -

32 3 - - - - - 5 - - - -

33 - 50 - - - - - 15,2 - - - -

9 9 1 10 33 22 - 15 - 3 10,1 8,7 - 4,8 -
2 26 22 - 25 - - 7.8 6.7 - 7.6 - -

3 9 45 70 - - - 2.7 13,7 21.3 - - -

4 36 k! 175 - - - 11 10.4 53.3 - - -

5 - 30 43 - - - - 8.1 13.7 - - -

6 27 150 46 - - - 8.2 45,7 14 - - -

7 13 41 - 168 - - 4 12.5 - 51.2 - -

8 36 65 20 - - - 11 19.8 6.1 - - -

10 - 80 - - - - - - 24.4 - - - -

12 29 - - - - - 8.8 - - - - -

15 19 30 - - - - 5.8 5.1 - - - -

17 13 20 - - - - ¢ 5.1 - - - -

18 17 15 - - 130 - 5.2 4.6 - - 39.6 -

19 § 14 - - - - - 4,3 - - - - -

20 19 27 - - - - 5.8 ] - - - -

21 33 45 - - 10.1  13.7 - - - -

22 30 - - - - - 9.1 - - - -

23 | 29 - 20 - - - 8.8 - 6.1 - - -

21 | 27 - - - - - 8.2 - - - - -

28 23 - - - - - 7 - - - - -

29 23 28 - - - - 7 8.5 - - - -

30 23 47 - - - - 7 14,3 - - - -

32 29 - - - - - 5.8 - - - -

33 26 - - - - ~ 7.9 - - - - -

34 18 59 - 15 - - 5.5 18 - 4.6 - -

a5 18 52 - - - - 5,8 15.8 - - ~ -

q 10 1 19 32 - - - - 5.8 9.8 - - - -
b3 14 - - - - - 4.8 - - - - -

11 - 11 - - - - - 3.4 - - - -

12 20 - - - - - 8.1 - - - - -

13 8 - - - - - 2.4 - - - - -

25 15 - - - - - 4.6 - - - - -

28 7 160 - - - - 2.1 48.8 - - - -

29 42 - - - - - 12.8 - - - - -

35 10 - - - - - 2 - - - - -

9 Il 31 6 - - - - - i.8 - - - - -
9 13 4 - 60 - - - - - 18.3 - - - -
20 - - - 33 - - - - - 0.1 - -

27 - 46 - - - - - 14 - - - -

29 | - 21 - - - - - 6.4 - - - -

30 - 24 - - - - - 7.3 - - - -

10 8 29 | 29 - - - - - 8.8 - _ . - -
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Table 13 {continued)
Average Depth to Water by Well Depth
Twp | Rge | Sec ’ {In Feet} (In Meters)
0-99 : J0D-199 : 200-299 : 300-399 : 400-499 : >300 } 0-30 : 30-61 : 61-81 : $I-121 : 121-152 : >152
10 3y 7 20 - - - - - 6.1 - - - - -
7 15 - - - - - 4.6 - - - - -
11 - 100 - - - - - 30.5 - - - -
17 16 16 140 27 - - 4.8 4.8 a7 8.2 - -
18 11 - - - - - 3.¢ - ‘- - - -
19 12 43 - 20 - - 3.7 13.1 - 6.1 - -
21 12 - - - - - 3.7 - - - - -
22 10 24 - - - - 3 7.3 - - - -
23 30 13 23 37 - - 8.1  10.1 7 1.8 - -
25 12 49 - 25 - 10 3.7  14.% - 7.6 - 3
26 ] 8 9 - - - 2.4 2.4 2.7 - - -
27 13 34 23 ] - - 4 10.4 7 2,7 - -
28 10 9 - - - - 3 2.7 - - - -
29 17 21 - - - - 5.2 6.4 - - - -
12 5 18 - - - - 1.5 5.5 - - - -
33 7 7 - - - - 2.1 2.1 - - - -
34 11 8 - - - - 3.4 2.7 - - - -
15 15 19 - - 5 - 4.6 5.8 - - 1.5 -
kT 22 27 16 35 33 - 6.7 8.2 4.9 10.7 10.1 -
0 10 1 6 - - - - - 1.8 - - - - -
2 - n - - - - - 9.4 - - - -
9 30 i 25 - - - - 3.1 7.6 - - - -
11 9 - - - - - 2.7 - - - - -
12 - ©o12 - - - - - 3.7 - - - -
13 1B ©o29 10 - - - 5.5 8.8 3 - - -
14 - 40 - 145 - - - iz - 44,2 - -
15 12 60 - - - - 3.7 18,3 - - - -
16 16 - - - - - 2.9 - - - - -
17 14 I35 - - - - 4.2 10.7 - - -~ -
18 12 [ - - - - 3.7 - - - - -
20 10 - - - - - 3 - - - - -
21 19 i30 - - - - 5.8 9.1 - - - -
22 12 90 - - - - 3.7 7.4 - - - -
23 13 17 - - - - 4 5.2 - - - -
24 - 45 - - - - - 13.7 - - - -
26 13 - - - - - 4 - - - - -
27 16 bo3p 50 - - - 4.9 9.1 i2.2 - - -
28 10 - - - - - 3 - - - - -
34 13 o= - - - - 4 - - - - -
35 23 - - - - - ? - - - - -
0 11 12 27 - - - - - 8.2 - - - - -
13 11 - - - - - 3.4 - - - - -
io 13 17 | - 16 - - - - - 4.8 - - - -
25 2 - - - - - N - - - - -
10 14 10 - - 40 - - - - - 12.2 - - -
12 25 a5 - - - - 7.6 10.7 - - - -
13 - 40 - - - - - 12.2 - - - -
14 - 15 - - - - - 160.7 - - - -
16 | - 8 - - - -~ - 2.4 - - - -
28 29 - - - - - 2.8 - - - - -
11 9 11 - - 99 - - - - - 30.2 - - -
i1 10 5 15 - - - - - 4.5 - - - - .
6 18 30 10 - - - 5.5 9.1 3 - - -
7 15 11 - - - - 4.8 3.4 - - - -
8 20 45 - - - - 6.1 13.7 - - - -
17 17 45 - - - - 5.2 13.7 - - - -
18 15 - - - - - 4.6 - - - - -
21 10 P - - - - 3 - - _ - -
27 6 - - - 170 200 1.8 - - - 51.8 61
28 8 P - 100 - - 2.4 - - 30.5 - -
29 | 13 b= - - - 15 ¢ - - - - 4.6
30 8 - - - -~ - 2.4 - - - - -
32 50 A - - 80 - 15,2 - - - 24.4 -
33 g ! 14 - - - - 2.7 4.3 - - - -
34 13 | - - - - - 4 - - - - -
35 7 H— - - - - 2,1 - - - - -
4
11 11 1 12 - - - - - 3.7 - . - - -
13 46 [ - - - - 14 - - - - -
12 10 3 8 o= - - - - 2.4 - - - - -
33 - L= 40 - - - - - 12,8 - - -
3] - Po- 60 - - - - - 8.3 - - -
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SHEET 2 FIGURE 14

Water-bearing materialls; Alluvium

Location:

Ly

Cloverdale

Valley east of Cloverdale
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SHEET 3 FIGURE 14
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SHEET 4 FIGURE 14
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wWell No. 6N/8W-15J3 taps a mixture of alluvium and Glen Ellen
Formation sediments. Since the spring of 1950, water levels

have declined about 21 feet (7 m), suggesting that increased

pumping in this aquifer system may accellerate ground water de-~
clines. In the Petaluma Valley, water levels in Well No. 5N/ TW-26R1,
which taps the Petaluma Formation, have recovered about 5 feet

(1.5 m) during its 25-year record. The hydrograph infers that
additional pumpage may be supported by this formation without
significant declines in water levels.

Natural Recharge Areas

The natural areas of recharge to the ground water body in Sonoma
County are restricted to cnly a few geologic units. Natural
.recharge may take place along much of the stream channel deposits,
alluvial fan deposits, selected areas of alluvium, and much of

the surfiecial area of the Merced Formation (see Plate 1). Accord-
ing to Cardwell (1958), where these areas are of gentle slope

and runcff is not severe, a significant amount of water can
infiltrate and enter the ground water body. According to data
from the U. S. Department of Agriculture (1950), the Merced
Formation in the area southwest of Sebastopol has an infiltration
rate of 0.7 acre-feet per day per acre (2,163 cubic meters per

day per hectare). On the basis of this figure and assuming that
there are 30,000 acres (12,120 hectares) of exposed Merced sedi-
ments, the total recharge capability of the outcrop area of the
Merced Formation is about 21,000 acre-feet per day (about 26 hm3
per day).

Cardwell (1958) pointed out that the potential recharge capa-
bility of an area can be materially reduced when water levels
are at or near the ground surface. This condition frequently
is the case in many low-lying areas where water levels are high
and water cannot infiltrate even though solls may be permeable.
Cardwell alsc noted that many of the streams in central Sonoma
County appear to be gaining streams. That is, ground water
discharges into the stream and helps to maintain streamflow.

In a few cases, such as in Alexander Valley, the Russian Rlver
is a gaining stream during much of the year. In the fall,
however, when water levels are depressed, the Russlan River

is a losing stream because it helps recharge the ground water
body. Figure 15 shows the natural recharge areas of Sonoma
County.

Present Ground Water Development

In 1951, a section was added to the California Water Code requir-
ing water well drillers to file Water Well Drillers Reports
with the Department of Water Resources. Since that time, many
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thousands of well logs have been placed on file for Sonoma County.
During the prepent investigation, a computerized listing of all
well logs was made for the county. The tabulation, which identi-
fies 10,199 water wells as of July 1, 1973, provides the name

of the owner at the time the well was drilled, the well location
number, and pertinent data such as depth, year drilled, identifi-
cation of well driller, etc. From this tabulation it has been
possible to determine for the first time the magnitude of water
well development in the various ground water basins and contiguous
areas in Sonoma County.

Well Density

Figure 16 showg the relative density of water wells in Sonoma
County. Well densities range from less than five wells per
section, in areas of nonwater-bearing rock, to over 100 wells

per section in/ five highly urbanized sections. The section of
highest density of water wells is located southwest of Sebastopol,
in Section 12, Township 6 North, Range 9 West. This section
contains 180 identified water wells,

Sanitary Seals

Most wells constructed in Sonoma County since 1965 have a sanitary
seal which extends to a depth of from 20 to 50 feet (6 to 15 meters)
below ground; in contrast, many older wells do not have sanitary
seals. Ritchie (1968) discusses methods of sealing the upper
portion of water wells and points out the importance of sanitary
seals with regard to the preservation cf ground water quality.

A comparison of the density of water wells shown on Figure 16,

with the percentage of wells with sanitary seals shown on Figure 17,
shows that some areas have a high degree of protection of the
underlying ground water and others do not. For example, there

are 129 wells En Section 18, Township 6 North, Range 8 West,

located southeast of Sebastopol. In this section, 71 (55 percent)
of the wells have a sanitary seal. In contrast, there are 108

wells in Section 2, Township 6 North, Range 8 West; here only

33 wells (30.5 percent) have sanitary seals.

Well Yield

Reliable yield data are available from 256 wells, or about 2.5 per-
cent of the total number of wells in the county. These data

are provided from wells from which extended pump tests were

run; bailer tests are not included due to uncertainties inherent

in that type of test. The data indicate that well yields range
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from greater than 200 gpm per foot (2,479 1/m per meter) of
drawdown for a few wells located near the Russian River, to
less than 5 gpm per foot (61.9 1/m per meter) of drawdown for
many wells located throughout the county. Figure 18 presents
information on the specific capacity of wells in the county.

Sgrings

Springs are an important source of ground water in the mountainous
areas of Sonoma County. Of the hundreds of springs present,

413 have been identified on 7k-minute topographic maps; the
locations of these identified springs are shown on Figure 19.

Of these springs, 22 are of sufficient importance to be named

on maps.

There are two basic types of springs in Sonoma County. One is
the bedrock or natural water table spring. This type includes
mest of the unnamed springs on Figure 19, as well as ten of the
named springs. Springs of this type lssue from fractures and
Joints in the rock and are proof that ground water 1s present.

The other type of spring yields mineralized and/or thermal
waters. Shown on Figure 19 are three areas of thermal springs,
ranging from warm springs at Mark West and Morton's Springs to
the hot springs at The Geysers, Little Geysers, and Skaggs
Springs, Mineralized cold springs include those at Alder Glen
and Kawana Springs. Although not actually thermal springs,
there also are three areas of thermal wells in Soncma Valley
which are shown on Figure 19; these are Agua Caliente, Fetters
Springs, and Boyes Springs. Development of these latter three
hot spring areas was the result of natural thermal springs
which once lIssued from the bed of Sonoma Creek. Thermal wells
were drilled in this area as early as 1830, when the ‘thermal
water was used for mineral baths.

Waring (1915) identified 21 springs in Sonoma County and included
a description of their facilities and uses (resorts, bathing
pools, medicinal purposes, etc.). Seven of the 21 springs could
not be located during the present investigation because of in-
adequate descriptions. The unlocated springs included an un--
developed carbonate spring on Little Sulfur Creek, three undevel-
oped sulfur springs (in Franz Valley, on Sulfur Creek, and on
Little Sulfur Creek), two developed sulfur springs (0O'Donnel's
Springs near Glen Ellen and Wall Springs south of Healdsburg),
and a hot spring (Ohm's Spring, a thermal well resort south of
Boyes Springs). Lytton Springs, a sodium carbonate spring north
of Healdsburg, also was described by Waring, but this spring is
no longer in existence as it was covered over in 1927. Hoods

Hot Springs, formerly on Dry Creek near the Mendocino County
line, no longer exlists according to recent investigations done

by the U. 5. Corps of Engineers in connection with Warm Springs
Dam and Reservoir,
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Table 14

DESCRIPTION OF SPRINGS IN SONDMA COUNTY

T Eievation Discharge l Water ] Rock I
Hame of Spring Location i[{feet]: (meters (gpm) :{1/mn) Type Type Remarks
Agua Caliente Sonoma Yalley 14D 43 -— - Sodium Sonoma Several thermal wells dritied to depths of 200
i chlpride Velcanics to 400 feet {81 - 122 meters} serve Aqua
i Caliente pTunge.
i
Aldergler Spring  Northwest of | 500 152 0.5 1.9 Calcium Jura- Abandoned resort.
Ctoverdale bicarbonate Cretaceous
Armstrong Spring  Armsirong Red- 200 &1 <0.1 <04 Sodium and caicium Jura- Unused,
weods State Park bicarborate Cretaceous
Baumert Spring Camp Meeker 750 Zz8 - - e Jura-
Crataceous
Bedrock Spring Rorthwest of 450 1357 - - - Merced
Bodega Formation
Big Spring Northeast of 1,640 500 1 3.8 Calcium Landslide and Forms creek from which domestic use is made
\ Rincon Valley bicarbonate Scnoma ! to 3 miles downstream.
Yolcanics
Boyes Springs Soncma Yalley 150 46 - - Sodium Sonoma Several thermai wells drilted to deplhs of
chloride Volcanics about 200 feet (£ metera) serve Mission Inn
Resort,
Buckeye S5pring Mayacmas 2,200 G671 5 18.9 Calcium and magnesium Landstide in Unused.
Mountains bicarbonate Jura-
Cretaceous
Buzzard Spring Southwest of 750 228 -- -- - Jura-
Healdsburg Cretaceous
Cold Springs Mayaimas 2,300 701 - - - Jura- Piped to house for domestic use.
Mountains Cretaceaus
Eldridge Spring Sonoma Valley 240 73 0 32,9 Sodium Glen Ellen Marm spring, Urused.
bicarbonate formation
fern Spring South of Monte 1,325 404 -- -— - Jura-
Rio {retaceous
Fetters Springs Sonoma Yalley 130 a0 -- -- Sadium Sanoma Several thermal wells drilled to depths of
chlor ide Volcanics 200 to 400 feet (61 - 122 metera) serve Fetters
Springs Resort,
Gravelly Spring Horth of 1,050 KRl - - -- Jura-
Cazadero Cretacepus
Kawana Spring Southeast of ARt 52 ] 15.1 Sodium Sonoma Domestic use. Formerly c2lled Taylor Springs.
Santa Rosa bicarbonate Volcanics
keiser Spring Northwest of 420 iz8 20 5.7 spdium and magnesium Soroma Warm spring. Used for domestic, irrigatien,
9
Glen [llen bicarbonate Volcanics and stock watering. Formerly calted McEwan
Ranch Spring,
Littie Geysers Mayacmas 2,400 732 -- -- — Jura- Kot sprimgs. Significant geothermal resource
pring
Mountains Cretaceous area,
Mark West Spring  East of Windsor 430 132 0.2 0.5 Calcium and magnesium Sonoma Warm spring. Unused.
i bicarbenate ¥olcanics
Mineral Spring North of Cazadero ' 850 248 0.3 11 Calcium Jurg- Domestic use.
bicarbonale {retaceous
Mortgn's Karm Harthwest of 350 107 20 75.7 Sodium Sanema Warm springs; formerly called Los Guilicos
Spring Glen Ellen bicarbonate Voleanics Springs. Used for swimming poel supply at
Mortan's Warm Springs Resort.
Mud Spring MHorthwest of 475 i48 - - -- Merced
Bodega Formation
Nuns Spring East of Kenwood 1,300 386 H 3.6 Sodium Sonpma Yol- Unused.
bicarbonate canics and
Tertiary
Marine
Sediments
Pedotti Spring Southeast of 400 18z 0,5 7.9 Calcium and magnesium Landslide in Domestic and stock use.
Fort Ross bicarbonate Jura-
Cretaceous
Redwood Lake Armstrong Red~ 1,350 4171 -- -- Calcium and sodium Jura- Unused,
Spring woods State Park bicarbonate Cretaceous
Russian Trough Northeast of 1,400 4E7 -- -— -- Jura-
Spring Fort Ross Cretaceous
Skaggs Springs Nor thwest of 320 58 4 15,1 Sod fum Jura- Unused hot spring., In reservoir area of Lake
Healdsburg bicarborate Cretaceous Sonoma.
The Geysers Mayaur@s 1,400~ §27- -- -- Magnesium bicarbo- Jura-
Mountaing 1,800 £49 nate, magresium and Cretaceous targe group of hot springs; most are unused.
ammonium sulfate Significant geothermal resource area.
Unnamed Spring Morth of Cazadero 899 74 -— -- Calcium Serpentine Unused, West of Austin Creek.
{#h} at The Cedars hydroxide
Unnamed Spring Morth of Cazadero },000 205 - -— Magnesium bicarbonate Serpentine Ynused, In bed of Austin Creek.
{42} at The Cedars
Unname¢ Spring Payacmas 2,300 701 =6 2E2.7 Calcium and magnesium Jura- Public use in roadside trough. Located between
(#3} Mountains bicarbonate Cretaceous Buckeye and Cald Springs.
U"gamEd spring Mayacmas 1,360 415 0.5 5.8 Calcium Sonama Domestic use. Located 2,000 feet west of Big
(#4) Mountains bicarbonate volcanics Spring.,
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Table

MINERAL ANALYSES OF

Total

Specific Total Dissolved oy "

Data a/ Tsmperatgre Coqductance Hardness Solids Ca Mg

Name Source™ F i °C {micromhos) {mg/1) {mg/1)
Agua Caliente 2 114 46 -- -- -- 1.0 10
Alderglen Spring 1 58 14 1,230 445 685 92 52
\Armstrong Spring 3 -- -- 232 84 151 22 7
Big Spring 1 62 18 134 44 112 9.7 2.3
Boyes Spring 1 105 41 1,310 18 -- 7.7 0
Buckeye Spring 1 58 14 248 112 157 22 14
Eldridge Spring 3 70 21 521 88 370 19 9.8
Kawana Spring 3 53 12 282 28 184 7.2 2.4
Keiser Spring 3 73 23 in 110 260 21 14
Mark West Spring 3 87 3 399 156 327 A 19
Mineral Spring 1 58 14 389 138 214 45 6.1
Morton's Warm Spring 3 87 31 684 80 491 20 7.2
Nuns Spring 1 68 20 84 9 80 2.2 0.8
Pedotti Spring 3 -- -- 452 202 273 45 21
Redwood Lake Spring 3 56 13 153 54 116 13 5.3
Skaggs Spring 3 132 56 3,440 56 2,500 14 4.5
The Geysers ’

Springl”13A“£/ 3 113 45 15,800 1,970 10,600 42 453
Spring “13H" 3 12 44 599 318 431 32 58
Spring "13X" 3 128 54 670 327 466 32 60
Devils Kitchen 3 212 100 -- -- 7,770 47 281
Unnamed Spring (#1)% 4 - - -- -- -- 53 0.3
Unnamed Spring (#2) 4 - -- -- - -- 5.4 40

Unnamed Spring {#3) 3 -- -- 265 13% 168 26 17
Unnamed Spring (#4) 1 66 19 120 a 108 8.8 4.6

a/
Waring, G. A.

E- N VC I O ]

Barnes, I.
b/ 2.5 mg/l H3BO3

d/ 63 mg/1 ):l

(1915

Department of Water Resources

)

Berkstresser, C. F. (1968)
and others (1967)

¢/ 375 mg/l HzSO04, 7.7 mg/l HT
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SELECTED SPRINGS

Principal Mineral Constituents (mg/1}

Na* | co3” | Heo; suj‘ l - ‘ by | B | As Li | a, [P0, [ Fe {Mn | pH

173 69 -- 4@ 256 e - 1S
N 0 612 4.8 9.3 0.2 0o 07 -- T Y-
7 o 122 10 82 0.3 05 0.1 tr 0 - 0.9 0.06 037 8.2
9.5 o 70 1.2 3.8 01 0.6 01 -- S Y
263 o 184 95 34 59 02 1N - e = —= 0.03 -- 8.0
1 0 153 5.4 2.3 0.1 0 0 -- N -- -- -- 6.2
73 8 172 33 s 05 0.2 08 0.0 009 05 011 014 040 8.6
53 0o 145 1.3 20 I S — o Y
26 0 187 & 64 0.4 05 0.1 001 004 -- 021 002 049 8.2
29 10 226 1.é 6 0.2 o 3.0 0 0.04 0.3 0.5 0.74 0,31 8.5
12 0 188 13 69 0.3 o 0.1 -- O Y
123 12 252 1.6 100 0.9 6 3.9 tr 0.1 0.4 0.04 0.08 002 8.4
12 o 24 7.6 62 01 0.6 0 - 0 -  -- 2.7 007 7.
20 O 193 4 2 0.3 1.4 0 tr 001 0 002 00 -~ 84
1 0o 78 5 56 04 06 O 0 0.0 0 01 009 -- 7.8
945 0 2,470 5 54 9.8 0 9  0.06 0.62 1.8 0.03 0.16 0.01 7.2
9.5 0 0 8,060 1,500 0.2 12 3.6 -- - = 02 01 - 2.2
4.7 o 180 13 1.3 0.3 3.4 0.6 0.0 0 1 0.02 0.02 002 7.5
5.5 ¢ 212 10 1.1 0.2 0.9 0.7 0 0 7.7 0 0.02 0.5 7.2
12.0 0 ¢ 5,710 0.5 -- - 31 - - 1,400 -- -- - 1.8
50 0 0 0 55 ] 1.0 0 - - - - - -~ 1.8
36 8 195 04 58 01 02 0 - - e e = 8.9
5.8 5 155 1 19 01 0.6 0  tr 6 o0 0 004 -- 8.6
8.2 o 54 51 2.4 01 64 0 - 0 -- - 0.001 0.10 6.7
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LEGEND

. Cold Spring, Water temperoture ronges from
S50°F (10°C) to SOCF{IS*C)

Fay Warm Spring, Water tempergture ronges from
TO*F(21*C) to 8T*F{3I*C)

A Hot Spring, Woter temperature ronges from
112°F {45°C) 1o 212°F {100*C)

4 Thermal Well, Woter temperatura ranges from

I0B°F{41*C) to 114*F(46°C)

STATE OF CALIFORNIA
THE RESOURCES AGENCY
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Berkstresser (1968) identified the physical and chemical character-
isties of 19 springs in Sonoma County as a part of a data report

on springs of the North Coast Ranges and Klamath Mountailns.

Data from this report are included on Tables 14 and 15.

The principal springs of Sonoma County are located on Figure 19

and are described on Table 14; mineral analyses of water from
selected springs are shown on Table 15.

Total Ground Water in Storage

Al

For the purpose of determining the amount of total ground water
in storage in Sonoma County, the county has been divided into

21 ground water storage units as shown on Figure 20. Well logs
for each storage unit were analyzed, and the descriptions of

the subsurface materials were translated Intoc equlvalent specific
yield (ESY) values. Equivalent specific yield 1s defined as
being equal to the specific yield of a material but without the
connotation of the gquantity of ground water in storage. Thus,
the ESY value of a material remains the same whether ground water
is present under confined or unconfined conditions, or is absent.
The ESY value for the deepest well log per quarter section was
encoded and used as input to the GEOLOG computer program. These
data, coupled with the surface area for each ground water storage
unit and an eguation representing the relationship between ESY
values and permeability, provided a value which represented the
amount of ground water in storage in each storage unit. This
original value then was modified by deducting quantities for a
sloping bottom and sloping ground surface of the respective ground
water storage unit and deducting a volumetric amount equal to

the average depth to water in each quarter township for each
storage unit. The remainder was the value for the total amount
of ground water in storage in the water-bearing sediments of

each storage unit; these values are presented on Table 16. The
values shown on the table are that of the total amount of ground
water in storage to the depths shown. These values cannot be
construed to be the usable ground water storage capacity because
this latter value can be estimated only after performing a detalled
hydrologic study of aquifer parameters, such as quantity and rate
of recharge, aquifer transmissivity, pumpage, and safe yield.

Potential for Future Ground Water Development

A potential for the development of additional ground water supplies
exists in Sonoma County provided that both geology and hydrology
receive careful attention. Additional supplies of potable ground
water can be developed at almost any location in the ground water
basins shown on Figure 12. All of these areas are underlain

by water-bearing materials as shown on Plate 1. Geochemical
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constraints may limit the development in certain areas of the
ground water bhasins. A discussion of these constraints is pre-
sented .in Chapter VI; the areal extents of the various constraints
are presented on Figures 21 and 22.

The contiguous and detached ground water areas shown on Figure 12
contain the capability of supporting additional ground water
development at many localities. Wells drilled in these areas
will probably!meet domestiec standards of gquantity, but agricul-
tural, industrial, or municipal supplies may not be adequate

in some cases. Mineral constitutents in ground waters in these
areas should not be a deterrent to development.

All other parts of Sonoma County are underlain by rocks that
frequently are termed "nonwater-bearing"; that is, they do not
predictably provide guantities of ground water to wells adequate
for domestic purposes. These rocks, which are identified on
Plate 1 as Jura-Cretaceous, may in a few cases, provide some
water to wellg; however, quality and quantity may be a constraint
to development,
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Table 16
TOTAL GROUND WATER IN STORAGE

{By Ground Water Storage Um'ty

: B : : Number : Average : Gross Ground Water
: ! Average : : of i Specific : Storage Capacity
Ground Water Surface Area : Ground Elevation : Bottom Elevation : Control : Yield : (thousand {cubic
Storage Unit : (acres) (h:Ftares) t {feet) {meters) : (feet) (meters) : Wells - {percent) : acre-féet) hectometers)
!
Cloverdale 5,430 b,198 300 90 + 210 + 64 19 17.98 50 60
Geyserville 10,176 ?,118 170 50 - E0O -152 19 9.89 325 400
Alexander 4,736 il, 817 150 45 - 320 - 88 18 10.95 120 150
bry Creek 2,830 - §,145 180 55 + 40+ 12 20 14.76 20 25
Healdsburg 9,180 §,715 W 0 - M0 - a4 26 7.78 a0 50
Windsor 14,610 ;3,913 no . 3 - 930 -283 51 9.49 1,100 1,360
Larkfietd 11,800 14,775 130 46 - 510 _155 40 6.56 600 740
Graton 21,280 $,612 100 30 - 530 -162 95 13.54 2,400 3,000
Santa Rosa 23,500 4,510 80 25 - 960 -203 14 6.69 1,700 2,100
Bodega 10,400 4', 209 150 45 - 160 - 48 B 12.78 500 820
Bloomfield 24,300 9:,534 200 60 - 900 -27¢2 N 15.056 2.650 3,275
Rohnert 30,390 14, 299 100 30 - 930 -283 79 9.22 3,100 3,825
Two Rock 14,766 8,976 60 20 - 400 -122 40 14.25 885 1,100
Petaluma 21,790 4,818 40 15 - 800 -244 65 8.22 770 950
Lakeville 20,140 8,151 20 [ - 690 =210 1 5.51 875 ) 1,080
Kenwood-Rincon 12,660 5, 124 420 130 - 740 -226 52 6.83 1,050 1,300
Glen Ellen 7,936 3,212 270 8¢ - 150 - 45 30 4.87 150 235
Sonoma 20,600 8, 337 50 15 - 930 ~283 87 8.01 1,760 8,170
Tubbs Island 21,092 8;536 20 & - 530 ~-162 8 5.51 535 660
Knights Valley 3,370 1,, 364 400 120 + 280 + 85 [ 7.54 15 20
Guerneville 1,840 1745 40 20 - 250 - 78 a1 18.82 50 60
Totatl 18,735 23,080

{By Ground Water Basiny)

i b Bverage
: : Specific H Gross Ground Water Storage Capacity
Ground Water Basin : Yield : {thousand
and!Subbast‘n o {percent) : acre-feet) {cubic hectometers)
Mexancier Valley 14.20 495 610
AIaixander Area 10.42 445 550
C!c@verdale Area 17.98 50 50
Santa Rosa Basin 8.51 8,335 10, 280
Sarita Rosa Plain B.03 7,115 8,775
Healdsburg Area 10.67 930 1,145
Rinicon Valley 6.83 290 350
Km‘ghtsé Valley 7.54 15 20
Kenwoodi Valley 6.83 460 570
Lower Russian River 18.82 160 200
Petalunk Valley 6.86 2,100 2,590
Sonoma iJaHey 6.76 2,660 3,260
Total 14,225 17,550

1/ Ground water storage units delineated on Figure 1%.
2/ Groupd water basins delineated on Figure 11.
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iCHAPTERVI. WATER QUALITY HAZARDS

Most of the ground water in Sonoma County is an excellent quality
calcium- magnésium-bicarbonate water. However, certain areas

of water quality hazards have been identified; these are depicted
on Figure 21.: These latter areas contain poor-quality chloride
and sulfate water, waters containing excessive amounts of boron
or nitrate, and ground water containing iron and/or manganese

in excess of precommended public health standards. In addition

to water quality hazards caused by excessive amounts of specific
mineral constituents there are also water quality hazard areas
resulting from excessive total dissolved solids and hardness.
Areas having these latter two problems are depicted on Figure 22.

The various water quality criteria from which the upper limits

of mineral constituents, total dissolved solids, and hardness

are establlshpd are presented in Appendix F. FEach cf the principal
mineralogical water quality hazards in Sonoma County is briefly
discussed belpw. Bacteriological water quality hazards are dis-
cussed in Chaﬁter IV; no data were developed during the current
study to defihe possible water quality hazards as they relate

to agricultural, municipal, or industrial wastes.

Boron Hazard

According to Hem (1959) and Ayers and Branson (1974), crops may

be divided inpo three main groups depending on their sensitivity

to boron. Soncoma County crops considered sensitive to boron include
berries, fruif trees (apple, apricot, etec.), grapes, and nuts.

Semi- tolerant crops include most field plants such as corn, grain,
squash, and tbmatoes, whereas tolerant crops are those such as

sugar beets, hlfalfa, and asparagus. Table 17 presents the ratings
of irrigation!water for various crops on the basis of the boron
concentration’ in water. Boron is not considered a hazard to domestic
water at the concentrations found in Sonoma County.

Concentrations of boron in excess of 0.5 mg/l have been reported
from 42 wells in Sonoma County. The areal distribution of these
wells 1s shown on Figure 21. The range of boron concentration
in these wells is presented on Table 18.

Ground water containing excessive amounts of boron may be attributed
to several sources. One such source is from connate water contained
in marine sediments or migrating from marine sediments into materials
comprising adgacent overlying ground water basins. Wells in the
vicinity of Hgaldsburg having excessive boron (see Figure 21)

may be affected by waters of connate origin.
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Arsa of poor quolity water
4¢p Nall ground water, may be tharmal; Boron In excess of 0.5 mg/t
Dssp CoCl,, Co8Qy4, and Moz 504 ground woter

Well with MoCl watar, no aitrale data

Waell with NoCl ond/or m!q(:l2 watdr; nitrate (40mgsF

Well with NnHCO: woter; nitrots > 40mg/)

Wall with NaCl, MgCip, or CoClp water, nitrate > 40mg/d
Weoll with iron + mongansss > 0.3mg/|

Well with iron + mangonsss  >0.3mg/1 ond boron > 0.5mg/l
Wal) with boron > 0.5 mg/|

*®* 9000 % o

)

Pyedominant Ground Water Quality ~
Symbot Water iyps
NeHCO3 Sadium bicorbonats 5
Ma{HCO3 )y Mognsiium bicobonets
{No,MgIHCOR);  Wited sedlum and mognesium bicarbonate ¥
ColHCOy), Calcium bicerbonote
NaCi Sodivm chioride K2
Call, Calcium chharide
(Na, Mg )Tl Mirad sodium and magnesium cthloride
Ha s 50, Sodium sultole
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MENDOCING .

LEGEND
® Grownd water quality onalysis well

Grownd waler hardness ronges from 100 to 200 myg/I

% Grownd waler hardness axceeds 200 mg/!

Tohel dissolved solids in ground woter sxcesds 500 me/l
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1975
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FIGURE 22
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Table 17

BORON CONTENT FOR IRRIGATION NATERl/

Boron Content :
(mg/1) : Remarks

<0.5 ' Satisfactory for all crops.
0.5 - 1.0 Satisfactory for most crops; sensitive crops

may show leaf injury but yields may not
be affected,

1.0 - 2.0 Satisfactory for semitolerant crops. Sensi-
tive crops usually show reduced yield and
vigor. '

2.0 - 10.0 Only tolerant crops produce satisfactory
yields.

1/ Ayers, R. S. and Branson, R. L. (1974),

West of Dry Creek, Well No. 10N/10W-27D2 was drillied into a mass
of Jura-Cretaceous ultramafic rock. The presence of 13.36 mg/1
of boron is typical of ground water affected by water contained
in an ultramafic mass. Wells in the southern parts of Petaluma
and Sonoma Valleys contain excessive boron due to the presence

of sea water which has intruded the water-bearing materizls.
Wells tapping thermal waters, such as those at Boyes 3prings,
also yield water containing excessive boron. In these instances,
boron is attributed tc juvenile water rising along fault zones
and commingling with percolating ground water.

A few wells, such as No. 8N/SWLOR1l, tap the Glen Ellen Formation
and do not appear to be located along any mapped fault trace.
The presence of boron in this well may be due to ground water
percolating laterally through old scoil horizons containing large
quantities of the highly soluble boron salts.

Hazardous guantities of boron in shallow wells such as No. 10N/9W-
18R1, which 1s 14 feet (4 meters) deep, are probably due to direct
infiltration of surface water containing large concentrations

of boron. Table 19 presents boron concentrations in surface water
available for recharge. Boron concentrations are highest during
periods of low flows and, conversely, are lowest during perilods

of high winter runcff. Moreover, scme streams draining areas

of thermal springs, such as Big Sulfur Creek which drains The
Geysers area, contribute signiflicant gquantities of boron to the
REussian River system.
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Table 18

BORON CONCENTRATION IN GROUND WATER
IN EXCESS OF 0.5 mg/1

Haximum Reported

Depth Boron Concentration
Well Number (feet) (meters) Geologic Formation {mg/1)
3IN/SW-6C1 50 15 Bay Mud Deposits 0.59
AN/ 5H-3C1 261 80 Otder Atluvium 1.6
-34D80 - - Bay Mud Deposits 1.9
4N/ 6W-TH) 35 11 Younger Alluviumd/ 2.3
-7H2 14 4 Younger A]luvium%f 3,1
-8E1 74 23 Younger Alluvium-~ 2.2
=211 464 141 Petaluma Formation 1.1
-27N1 222 68 Younger Alluvium and
Petaluma Formation 0.6
-27R1 736 224 Younger Alluvium and
Petaluma Formation 0.9
4N/ 7W-2D1 62 19 Younger A]]uviumﬁf 1.0
5N/5W-9M2 257 78 Older Alluvium 1.0
-20C1 125 38 Older Alluvium 0.56
-20R1 504 154 Older Alluvium and
Huichica Formation (?) 4.8
-31A1 408 124 Older Alluvium 6.6
SN/ 6W-2A2 350 107 Glen Ellen Formationbf 1.0
-12F1 113 34 0lder Alluvium 1.2
-13K1 150 48 Older Alluyium 4.4
-25P1 171 52 0lder Alluvium 1.3
5N/ TH-34G1 230 70 Younger Alluvium 0.63
5N/BW-21L1 140 43 Merced Formation 1.5
5N/ 9W-3G1 1,010 308 Merced formation and
Franciscan Fermation 0.54
6N/ 6W-15K1 75 23 Younger Alluvium 0.54
~-16B2 211 64 Glen Ellen Formation 7.7
-16H1 - - Glen Ellen Formation 6.2
-16J2 - - Glen Ellen Formation 7.7
-23M2 165 50 0lder Alluvium 2.5
-26E1 304 23 0lder Alluvium 3.2
6N/7W-16D1 38 12 Sonoma Volcanics 0.64
-17b% - - Sonoma Volcanics 1.2
-17E1 650 198 Sonoma Volcanics 2.0
6N/ 10W-36N8D 155 47 Merced Formation 1.5
6N/11W-22K1 - - Marine Terrace Deposits 1.4
7N/8HW-24A4 1,000 308 Altuvium and
Sonoma Volcanics
8N/9KW-13.180 400 122 AlTuvium and
i Glen Ellen formation 1.4
=271 i 333 101 Alluvium and
: Gien Ellen Formation 1.04
-36K1 P 1,325 404 Atluvium and
; Glen EYlen Formation 2.44
-36P1 1,048 319 Alluvium and
Glen Elien Formation 4.0
9N/ 9H-4E1 117 36 Younger Alluvium 14.0
-4E2 32 1o Younger Alluvium 4.4
-9L1 S0 27 Glen Ellen Formation 1.0
10N/9%-32R3 245 75 Younger Alluvium and
| Glen Ellen Formation (?) 0.62

a/ Affected by seaiwater intrusion,
b/ Thermal well atiBoyes Hot Spring.
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Table 19
BORON CONCENTRATIONS IN

SURFACE WATER AVAILABLE FOR RECHARGE

Stream : Sampling Station : Discharge : Boron Concentration
: Location : {cfs)  (cumec) : (mg/1)
Russian River 8N/ T0KW-32C 20,800  589.2 0.18
246 £.9 0.83
N 9N/ 9W-22H 14,500 410.7 0.17
228 8.5 0.93
Unnamed Creek Tributary 9N/ 9W-20H 10 0.3 0.58

to Dry Creek

Warm Springs Creek 10N/T0W-18 - - 0.10

- - 2.8
Dry Creek T0N/1TUW-11 - - 0.53
Big Sulfur Creek TIN/11W-5 8 0.2 0.51

Sodium Hazard

Water with a relatively high concentration of sodium ion will
tend to deflocculate, or "puddle', soils and form a hard crust
after irrigating; hence, it results in adverse effects on tilth,
permeability, and infiltration. The degree of sodium hazard

in ground water is determined by its Adjusted Sodium Adsorption
Ratio (ASAR). This ratio is computed by the following formula:

+

N
ASAR = a++ s [1 + (8.4 - pHC)]
Vi/2(ca gt

where the values of the mineral constituents are reported in
milliequivalents per liter (me/1l) and the quantity pHc 1is deter-
mined from the values shown on Table 20. The concept cf the

ASAR is similar to that of the Sodium Adsorption Ratio, with

the addition of the effects by carbonate and bicarbonate ions.
The ASAR evaluates the tendency of irrigation water to dissolve
lime from the scil (when pHe values are above 8.4) or precipitate
lime from irrigation water when the pHe value is below 8.4.
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Table 20

CALCULATION OF VALUE FOR pHcl/

(in milliequivalents per liter)

Concentration Concentration if Concentration
Of lrxﬂ Of HYH Of Hz'll
catt+ Mgtte wat catt+ mgtt CO3™ 7+ HCO4”
.5 2.11 .05 4.60 .05 4,30
L7 2.12 .10 4.30 .10 4,00
.9 2.13 .15 §.12 .15 3.82
1.2 2.14 .20 4,00 .20 3.70
1.6 2.15 .25 3.90 .25 3.60
1.9 2.16 .32 3.80 .31 3.51
2.4 2.17 .39 3.70 Lo 3.40
2.8 i 2.18 .50 3.60 .50 3.30
3.3 | 2.19 .63 3.50 .63 3.20
3.9 | 2.20 .79 3.4%0 .79 3.10
b.5 2.21 1.00 3.30 .99 2.00
5.1 | 2.22 1.25 3.20 1.25 2.90
5.8 2.23 1.58 3.10 1.57 2.80
6.6 | 2.24 1.98 3.00 1.98 2.70
7.4 2. 25 2.49 2.90 2.49 2.60
8.3 2.26 3.1k 2.80 3.13 2.50
9.2 | 2.27 3.90 2.70 4.0 2.40
11 | 2.28 4,97 2.60 5.0 2.30
13 ; 2.30 6.30 2.50 6.3 2.20
15 g 2.32 7.90 2.40 7.9 2.10
18 i 2.3y 10.00 2.30 9.9 2.00
22 ; 2.36 12.50 2.20 12.5 1.90
25 | 2.38 15.80 2.10 15.7 1.80
29 i 2. 40 19.80 2.00 19.8 1.70
34 % 2.4z
39 ; 2.0
be ; 2.46
51 ; 2.48
59 : 2.50
67 2.52
76 2.54
;L/ pHC — "X" + uYn + |'IZ'H

After Ayers and Branson (1975)
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A rough determination of sodium hazard can be ascertained by
relating the ASAR value and the specific conductance of the water
as measured in micromhos. This relationship is presented on
Table 21. Ideally, water intended for agricultural use should
have only a minimum concentration of sodium ions and consequently
a larger amount of calcium and magnesium ions. This is Just

the opposite of the ideal water intended for domestic use.

Sodium is the dominant cation in much of the ground water in
Sonoma County. Excessive amounts of this ion may cause a signi-
ficant decrease in the permeability of agricultural soils receiv-
ing irrigation water. The presence of excessive amounts of sodium
ion in ground water is due to the phenomenon of cation exchange

as the water percolates through clay-rich sediments. Ground

water containing calcium ion reacts with the clays according

to the formula:

2 NaXx + catt = cCaX, + 2 Nat

where X represents a unit of exchange capacity in the solid

phase material. Calcium ion becomes adsorbed by the clay minerals
in exchange for sodium ion, which is released to the ground

water. The analysis from Well No. 6N/7W-17E1 on Table 22 is
typical of ground water that has undergone this cation exchange.

Salinity Hazard

One measure of the salinity hazard in agricultural water is its
electrical conductivity. Plants sensitive to salinity are those
which require a specific conductance of less than 250 micromhes;
plants in this group include berries, fruit trees, and clover.
Moderately tolerant crops are those which can tolerate water with
specific conductances of up to 750 micromhos; plants in this
group inciude grapes and most vegetables and forage crops.
Tolerant crops are those which can use water with conductivities
greater than 750 micromhos; these include asparagus and hay.

The salinity of domestic water supplies is measured by the content
of chloride ion. In this case, the California Administrative Code
recommends that the maximum concentration of chloride ion in
drinking water be 250 mg/l. Water containing more than 250 mg/1l
of chloride icn usually has a noticeably salty taste. DNone of

the major water purveycrs deliver water containing chlecride in
excess of 250 mg/1.



‘Table 21

SODIUMlADSORPTION VALUES FOR VARYING CONDUCTIVITIES

AND SODIUM HAZARD CONDITIONS1/

Sodium 1I: Electrical Conductivity (micromhos)

Hazard i: 0-250 : 250-750 : 750-2250 : 2250+
Low 0-9 0-7 0-5 0-3
Medium | 9-15 7-14 5-11 3-7
High é 15-24 ‘ 14-20 11-16 7-12
Extreme ; 24+ . 20+ 16+ 12+

1/ Afteri Hem (1959)

Examgle;of Determination of Sodium Hazard in Water

1.

Watper Analysis:

Ca+ﬁ = 0.21 me/1 €077 = 0.58 mesl
Mgttt = 0.08 - Hca -~ = 2.8B1 "
Natl o= B.ns v Conductivity = 454 micromhos
Detkrmination of ZAR:
! Hat 4. 45
SAR = T = = 11.71
TW1sacat g fy  Wisecoz v 0.08)
Detkrmination of pHe (from Table 21}:
mxe o catt v Mgt 4 nat - 0.2140.08+4.45 = Bo7a; X" = 2,21
vy catt + mgtt - 0,21 + .08 = 0.29; "y = 3,84
"t £03TT + HCO,T = 0.58 + 2.81 = 3.39; "2" = 2.48
piigi = "X™ 4 "YU #7UZ7 = 2,21 + 3.84 + 2,48 = 8.93

Det?rmination of’ Adjusted SAR:

ASAR = SAR [1 + (8.0 - pHC)] = 11.71 [L € (8.0 - 5.53)] = 10.1%

Detkrmination of sodium hazard {from Table 22}):
Coqductivity is in range of 250 to 750 micromhos.
Adjhsted sodium adsorptieon is in range of 7 to 14.

Exﬁected sodium hazard of water is MEDIUM.

j—d
A%}
-



http:0.21+0.08+4.45

Table 22

. SODIUM HAZARD IN GROUND WATER
Max imum
: i : Reported
. : Adjusted - Etectrical
: Depth : :  SAR : Conductivity : Sodium Hazard
Well Number : (feet) (meters} - Geotogic Formation : Valued/ (micromhos) : Medium High Extreme
3N/6W-3C1 - - Bay Mud Deposits 17.2 4,220 x
-18 250 76 Bay Mud Depesits 20.5 2,120 X
AN/5K-1402 1,620 494 Huichica Formation {?) 15.2 1,260 x
-2841 - - Bay Mud Deposits 24.9 3,310 X
-34D1 200 61 Bay Mud Deposits 21.86 2,990 X
-34D80 - - Bay Mug Deposits 21.0 2,750 X
AN/6W-7H2 14 4 Younger Alluviumd/ 42.3 5,260 X
-Z1F80 162 49 Petaluma Formation 13.2 840 X
-21q1 464 14 Petaluma Formation 18.4 1,490 X
-33R1 175 53 Bay Mud Deposits 25.2 8,300 x
4N/ 7W-2D1 62 19 Younger AlluviumB/ 25.8 26,800 X
5N/ 5W-9M2 257 78 Older Alluvium 23,9 630 X
~20R1 504 153 Older Alluvium and
Huichica Formation (7) 18.% 1,020 X
318 408 124 Older Altuvium 23.9 854 X
-3143 56 17 Older Alluvium 33.5 4,710 X
-31B1 56 17 Older Alluvium 32.0 5,010 X
-33K1 190 58 Older Alluvium 46.2 7,560 X
-33K3 - - Older Alluvium 36.5 20,571 X
5N/ 6W-2A2 350 107 Glen Eilen Formaticn 18.8 1,350 X
~-33H80 575 175 Petaluma Formation 13.0 1,400 X
EN/TW-34E2 280 85 Younger Alluvium 23.9 880 x
-3452 280 85 Younger Alluvium 22.4 854 X
S5N/8KW-21L1 140 43 Merced Formation 19.5 584 X
AN/ 9W-351 1,010 308 Merced Formation and
Franciscan Formation 12.¢ 550 X
6N/ 6W-16B2 211 64 Glen Ellen Formation 14.3 672 X
-16H1 - - Glen Ellen Formation 11.8 550 X
-26E1 304 93 Otder Altuvium 8.3 458 X
BN/ TW-17E1 650 198 Sonoma Volcanics 10.2 454 X
BN/8W-16G - - Glen E¥len Formation 31.5 4,420 X
TN/ 9W-73R1 375 114 Glen E¥len Formation 1.6 600 b
N/ 1TH-16 - - Younger Altuviumb/ 105.2 9,400 X
8N/9W-36P1 1,048 319 Alluvium and Glen
Ellen Formaticon 20,4 952 X
IN/BW-7Q1 490 149 Glen Ellen Formation 16.0 611 X

Na*t
1+ (8.4 - pHc)] » constituents in milleguivalent
Visz ('t + g™ [ ; )

per liter and value of pHc from Table 21,

a/ Adjusted SAR =

b/ Affected by sea water intrusion.
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Saline ground water found in Sonoma County is attributable to

a numer of different sources. In
bodies of salt‘water, such as the
lower Petaluma Valley, and Bodega
have moved inland along the basal
causing sea water intrusion. The
shows a chlorige concentration of

alluvial areas adjacent to

lower Russian River Valley,

Bay area, salt water wedges
portions of freshwater aquifers,
analysis from Well No. 7N/11W-16
2,920 mg/l on Table 23, a

condition that!is indicative of wells which tap intruded aquifers.

The distance 1m1and that the salt
on the amount 6f pumpage from the

water wedge extends depends
aquifer and the amount of

fresh water that is available locally to repel the intrusion.

Areas of sea water intrusion are shown on Figure 21.

all wells in these intruded areas
water of gquestionable suitability.

Almost
produce sodium-magnesium chloride

Sodium chloridé_water also 1is reported from.some wells tapping
the Petaluma Formation, as well as from a few other formations

of marine origin.

Nine inland wells yield sodium chloride water;

analyses from selected wells of this group are presented on Table 23.
The scurce of the chloride ion has not been determined for most

of these wellsj

those located close to marine sediments presumably

derive thelr chloride concentration from those sediments.

Iron and Manganese Hazard

The presence of excessive iron and manganese in ground water 1s
reported to be! fairly widespread throughout Sonoma County.
Both of these impurities can impart a metallic taste to water

or to food prepared with such water.

may alsc stain fixtures, fabrics,

detergents cannot remove such stains,
After a prolonged time,

to intensify them.

The metallic impurities

and utensils. Soaps and

and bleaches serve only

the iron and manganese

deposits which! bulld up in pressure tanks, water heaters, and
pipes reduce the available guantity and pressure of the water

supply.

In the past, many mineral analyses of water from wells did not
include these two constituents because of difficulties in pre-
paring samples so that the two minerals would not precipitate

before analysis.
of the 0.3 mg/1l recommended limit
0.5 mg/l recommended limit.

Hence, only a few analyses show iron 1n excess

or manganese 1in excess of the

Wells precducing water above the

recommended limits are shown on Figure 21.

The CaliforniafAdministrative Code provides for limits in the

amount of iron and manganese in drinking water.
and excessive iron and manganese

for esthetic and taste reasons,

The limits are

do not constitute a serious detriment to the purity of drinking

water.
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Table 23

SALINITY HAZARD IN GROUND WATER

Maximum Reported

: : Chloride Ion : Electrical
: Depth : . : Concentratiom : Conductivity : Salinit Hazardd/
Well Number : ({feet) (meters) : Geologic Formation : {mg/1) : {micromhos) : High Extreme
3N/BW-BCT 50 15 Bay Mud Deposits 173 1,200 X
3N/6W-1Q1 225 69 Bay Mud Deposits 170 1,370 X
-3 - - Bay Mud Deposits 1,342 4,420 X
-11B1 250 76 Bay Mud Deposits 364 2,120 X
4N/ 5W-2Q2 300 g1 Huichica Formation {2} 139 1,050 X
-3 261 8o Bay Mud Deposits 188 1,780 X
-1401 540 165 Kuichica Formation i?) 121 957 X
-14D2 1,620 494 Huichica Formation (7 148 1,260 b3
-28Q1 - - Bay Mud Deposits 808 3,310 X
-37B% - - Bay Mud Deposits 34 1,880 X
-34D1 200 61 Bay Mud Deposits 730 2,990 X
- 34080 - - Bay Mud Deposits 561 2,750 X
AN/EW-THT 35 11 Younger Alluvium 74 1,230 X
-7HZ 14 4 Younger Alluviumd/ 1,360 5,260 X
-8E1 74 23 Younger Alluvium 48 927 b
-21FBO 162 48 Petaluma Formation 78 840 b3
=21Q1 464 141 Petaluma Formation 264 1,480 X
~27N] 222 &8 Younger Alluvium and
Petaluma Formation 143 1,190 X
~27R1 736 224 Younger Alluvium and
Petaluma Formation 156- 1,210 X
-33R1 175 53 Bay Mud Deposits 3,270 10,600 b3
AN/ TW-20 62 29 Younger Alluviumb/ 10,300 26,900 x
-4F1 184 56 Sonoma Yolcanics 143 1,280 X
5N/ 5W-28N1 130 40 0lder Alluvium 188 791 X
~-31A1 408 124 Older Alluvium 87 957 - X
-31A3 56 17 Older Alluvium 1,360 4,710 X
«31B1 56 17 Older Alluyium 1,480 5,010 X
~33K1 190 58 Older Alluvium 2,600 7,560 X
-33K3 - - Older Alluvium 7,582 20,571 X
SN/BUW-2A2 350 107 Glen Ellen Formation 392 1,550 X
-3001 155 47 Petaluma Formatien 176 1,510 x
-33H80 575 175 Petaluma Formation 203 1,400 X
5N/ 7W-8D1 - - Merced Formation 112 910 X
-803 138 42 Merced Formation 204 1,100 x
-10Q1 462 141 Petaluma Formation 735 2,760 x
-2081 600 183 Merced Formation (?) 176 891 X
-20C1 688 210 Merced Formation (7) 202 988 x
-20C2 62 18 Younger Alluviem 530 2,370 X
-20C3 50 18 Younger Alluvium 194 1,210 X
-29H1 244 74 Merced Formation 125 960 X
-29N1 244 74 Merced Formation 138 1,000 X
-34E2 280 85 Younger Alluvium 76 880 b
-3461 230 70 Younger AYTuvium 362 1,570 X
-3462 280 85 Younger Alluvium 76 854 X
BN/ 7W-1BK] 250 78 Alluvial Fans and
Older Alluvium 58 816 X
-18R1 250 7€ Alluvial Fans and
Clder AlTuvium 70 1,060 X
6N/8H-26 - - Glen Ellen Formation (2?) 625 2,600 X
IN/8UW-13C1 780 238 Glen Ellen Formation {?) and
Sonoma Volcanics (?} 104 766 X
-1561 65 20 Younger Alluvium 50 810 X
-30P - - Glen Ellen Formation 145 1,100 X
TN/T1R-15 - - Younger A]'Iuviumb/ 14 ne X
-16 - - Younger Alluvium= 2,920 9,400 X
BN/ 9K-36P1 1,048 318 Alluvium and
Glen Eltlen Formation 110 952 X
9N/ 9W-4E] 117 36 Younger ATluvium 97 776 X
10N/9W-20BY 337 193 Younger Alluvium and
Franciscan Formation {?) 20 890 X

a/ High Hazard: Conductivity ranges from 750 to 2,250 micromhos,
Extreme Hazard: Conductivity in excess of 2,250 micromhos,
b/ Affected by sea water intrusion. 124
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from the air to form a reddish-brown insoluble precipitate which

resembles rust

Manganese acts in a similar manner, but forms

4

a brownish-bla¢k precipitate.

Under certain bonditions dissolved 1ron and oxygen in the water

promote the gr

wth of iron bacteria. The result is a slimy,

rust-colored mass which clings to the interior walls of tanks

and pipes.

These bacteria can also impart an unpleasant taste

and odor to the¢ water and discolor fabrics.

Iron and mangahese can be removed from water supplies by a

combination of

chlorination and fine filtration. The chlorine

oxidizes the iron and manganese to form insoluble precipitates

and kills any jron bacteria present.

The filter then removes

the iron and manganese precipitates, leaving the water clear
and potable.

Iron is one of
and scils. In

'the most abundant mineral constituents of rocks
sandstones, iron oxide, carbonate, and hydroxide

are often presént in the cementing material in appreciable per-

centages.
in shales. 1In
also may be ad

casing, pump parts, piping,

which come in
surface waters

Iron occurs in
valent ferrous

Iron also 1s present as oxlde, carbonate, and sulfide

addition to solution from natural sources, iron
led to ground water from its contact with well
storage tanks, anrd other iron objects
contact with the water. Suspended sediment in

also may contain iron.

‘water at two levels of oxidation, either as bl-
ion (Fe*t) or as trivalent ferric ion (Fettt),

The chemical béhavior of the two forms is somewhat different,
although both may be present in the same solution under certain

circumstances.:
water will tend to be in the ferrous state.

however,
are changed to

are umpstable in the presence of oxygen or air.

Under reducing conditions, iron in natural ground
Ferrcus salts,

They
+the ferric state through oxidation when natural

water containing both ferrous and bicarbonate ions comes in con-

tact with air.

In this situation, insoluble ferric hydroxide

precipitates amd carbon dioxide gas is liberated according to
the following formula:

4Fe" T +8HCO, +2H,0+0, — 4Fe (OH) 3+8C0,

Sedimentary ro¢ks frequently contain manganese oxides and hydroxides.
These constituénts have been concentrated through the removal of
more soluble minerals and frequently are found in association

with iron oxidé¢s.
accumulate in $oils that are formed from rock weathering.

There alsc is a tendency for manganese to
This

condition is true whether the soils are present-day or whether
they are old s¢il horizons that now are buried.
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Manganese found in ground water is probably most often the result
of solution of manganese from solls and sediments aided by bacteria.
Like ijron, manganese occurs in more than one state of oxidation.
The oxidation states of manganese in ground water are the bivalent,
Mn++, and quadrivalent, Mn*“, states. Manganese can also occur

in more highly oxidized states (Mn'® and Mn+7), but it is not
nermally encountered in these forms in natural water. Under
reducing conditions, manganese can be taken into solution in
ground water containing carbon dioxide in a manner analogous to
iron. In the guadrivalent form as manganic hydroxide, Mn(O0H), ,
manganese is nearly insoluble, and it is carried in colloidal
suspension in a manner similar to ferric hydroxide. Thus, like
iron, when ground water containing both manganous and bicarbonate
ions comes in contact with air, an insoluble manganic hydroxide
precipitates and carbon dicxlide is liberated acceording to the
following formula:

2Mn T +4HC0, ™ +2H,0+0, — 2Mn(OH),+4C0,

In some parts of California, water rich in iron and manganese
occurs near the bottoms of varicus individual agquifers. Because
iron and manganese are relatively heavy, they fend to settle in

an aquifer until they are concentrated just above a lower clay
member. Hence, water drawn from a well perforated near the bottom
of an aquifer would tend fo have greater concentrations of iron
and manganese than another well perforated aft a higher zone in

the same aguifer.

Nitrate Hazard

Hem (1959) reported on a number of studies of nitrate in water
supplies. These studies linked nitrate in ground water to
methemoglcebinemia, or cyanosis, in infants whose feeding formulas
are mixed with these waters. Waters containing an excessive
amount of nitrate ilon may also contain nitrite ion in excess of

1 mg/l, which according the the U. S. Environmental Protection
Agency (1973) is even more hazardous to infants.

Nitrate compounds in ground water frequently may be attributed

to pollution from surface sources such as septic tanks or live-~
stock areas. Because of this situation, sanitary seals in water
wells used for domestic purposes are mandatory. Analyses of ground
water in Sonoma County indicate that nine wells yield ground

water containing nitrate ion in excess of the California Administra-
tive Code recommended limit of 45 mg/1 (10 mg/l expressed as
nitrogen); the locations of the wells are shown on Figure 21.
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Total Dissolved Solids Hazard

The amount of total dissolved solids in water indicates the
total mineralization of the water. All excellent quality water
contains less than 500 mg/l total dissolved solids. Water
containing an ¢xcessive amount of total dissolved solids may
alsc be expected to exhibit other water quality hazards, usually
excess chloride ion. Ground water in Sonoma County ranges in
total dissolved solids from a low of 129 mg/l at Well No.
11N/10W-33G1l, which produces an excellent quality calcium bi-
carbonate water from terrace materials, to a high of 4,301 mg/l
at Well No. S5N/7W-24B1, which produces an unacceptable quality
water that has'been affected by sea water intrusion. Areas of
excessive total dissoved solids are shown on Figure 22,

Hardness Hazard

Ground water céntaining calcium and magnesium salts is divided
into two general hardness classifications: carbonate and
noncarbonate. |Carbonate hardness becomes apparent after water
has been heated. Heating reconstitutes the soluble calcium

and magnesium bicarbonates into precipitates of inscluble
carbonates. The precipitates adhere to heated surfaces, such
as the inside &f water heaters and hot water pipes, and ulti-
mately cause a!reduction in the capacity of the fixture. Non-
carbonate hardhess is not affected by heat, as it is principally
caused by the presence of calcium sulfate. Both forms of hard-
ness reduce theé cleansing ability of many soaps and detergents.

Water scoftening is a process for the removal of the hardness-
forming mineral constituents in water. Most domestic water
softeners are ¢f the lon-exchange type. In this process, the
calcium and magnesium icns are adsorbed by an ilon-exchange
material in exc¢hange for sodium ions. The resulting water then
is relatively rich in sodium ion and 1s termed "soft".

Hardness of gr@und water is the major domestic and municipal
water quality hazard in Scnoma County. Ground water in the
county ranges from very soft to extremely hard. Three hardness
ranges are deplicted on Figure 21: Soft waters are thecse with
a hardness of less than 100 mg/l; moderately hard waters are
those with a ha@rdness range of from 101 to 200 mg/l; and hard
waters are thofe which have a hardness in excess of 200 mg/l.

Extremes of grbund water hardness are illustrated by the analysis
of very soft water from Well No. S5N/6W-30D1, which has a total
hardness of 8 mg/l. In contrast, the analyses from Well No.

UN/6W-33R1 indfcate that this is a very hard water; the total hard-

ness is 1,970 @g/l and the noncartonate hardness is 1,500 mg/l.
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Acidic. A descriptive term applied tq those igneous rocks that
contain more than 66% silica. H

Adsorb. To adhere in an extremely thjn layer to the surface of a
" solid body. H
i
Agglomerate. A pyroclastic rock contgining a predominance of
rounded fragments greater than 32 me. in diameter.

i i
Aggpradation. The process of buildingiup a surface by depositiom.

Amphibole, A dark-colored ru:k-formie'pg group of minerals which
includes hornblende, actinclite, and glaucophane.

Amphibolite . A crystalline rock condistlng malnly of amphibole
and plagiociage. Quartz is absent ¢r present im small amounts

only.

Andesite. A volcanic rock composed ot plagioclase and one or more
mafic constituents. |

Anion. A negatively charged ion, ¢.gj OH .

Anticline. A feld or arch in rock stl’ata, dipping in opposite
directions from an axis.

Aplite. A dike rock censisting almosk entirely of light-rolured
mineral constituents and having a rharactensti: fine-grained
granitic texture.

Aquifer, A part of a geologic Formation containing sufficient
saturated material to yield signifiFant gquantities of water v
welis and springs, e.g. a sand strafum.

i
Arkosic sandstone. A sandstone in wh ch much feldspar is present.
This may range from unassorted prodpets of granular disintegration
of medium-grained granite to a parllly serted river-laid ce even
marine sandstone. I
i

Artesian. Synonymous with confined,

Ash. Volcanic dust and particles lesjs than 4 mm. in diameter.

é

Bailer Test. A method of Estlmatlng khe yield of a well by cyclic
bailing of the well.

Basalt. A fine-grained, dark- cnlured extrusive ignevus rock. A
solidified lava, i

Basic, A descriprive rerm for those ngneuus rocks that are compari-
tively low im silica content. I
|
Bivalent, 1, An fon with a double epp:(rjcai charge; 1.
a valence of two, e.g. Fe' ', CGJ",i etc,
i
Boulder. A rounded rock fragmant lax‘iger than 2% mm. in diameter.

Having

Breccia. A rock made wp of highly angular, coarse fragments.

Capillary Fringe. The zone immedlatq‘]y above rhe water table fn
which all or some of the pores are |filled with water that is
under less than atmespheric pressuje and that is continuous with
the water below the water table.

, _ e

Cation. A positively charged ion, ejp. H .

Cation Exchange. Replacement of iond adsorbed, or exposed at the
surface of a solid, by ions from agsn]utiun. Also called base
exchange. H

Chert. A compact silicecus rock of gadimen:ary origin.

Cinder. Volcanic particles in lhe rTnge from 4 to 32 om. in
diameter.

Claypan, A stratum of stiff, rp]atilelv impervious clay which is
net cemented. 1t becomes plasu: +hen mixed with water and it
differs from hardpan.

Cobble. A rounded rock fragment bet&ecn b4 and 25 wm. in diameter.
Coliform. A type of bacteria that t'rjves in the digestive tracts
of warm-blocded animals. :

Colleid. A substance that is exreedfngly fine-grained and when
apparently dissolved in water, forms a gelatinous mass.

Confining Bed, A body of relatively! impermesble material over-
Tying a more permeable aquifer, Alsc called an aquitard or
aquiclude. !

Conglomerate. A cemented rack :nntallmng rounded fragments corre-
spondfng in size to gravel. !

Coguina. Seft porous limestone cumppsed of a mass of broken shells.
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:OSSARY OF GEOLOGIC, HYDROLOGIC, AND RELATED TERMS

D

Deflocculate. To convert inte very fine particles,

Detritus. Fragmental material, such as sand, silt, and mud,
derived from older rocks by disintegration.

Diabase. A rock of basaltic composition ir which lath-shaped feld-
spar crystals sre embedded {m a matrix of fine-grained pyroxene
crystals.

Diatomite, An earthy deposit composed of nearly pure silica and
consisting of the sbhells of micrescopic algae called diatoms.

Diorite. An intrusive igneous rock composed of the minerals
feldspar and hornblende, biotite, or pyroxene.
Distal. Remote from the peint of erigin.

Drawdown. The vertical distance from the static water level in a
well te the pumping level.

E

Eclogite. A granular metamorphic rock composed essentially of
garuet and pyroxene.

Synonymous with specific conductance.

Electrical Conductivity.

Ewbayment. A coastline area that has undergene sufficlent subsi-
dence to receive a thirk succession of sediments.

Eplian. Of, relating to, formed by, or deposited from che wind.

Extrusive. Said of a rock that has been formed om the ground
surface from the solidification of wolten lava.

F

Faulz. A fracture, or fracture zone, along which there has been
displacement of the twe sides relative to one another parallel to
the fracture. This dispiacement may be a few inches or many miles.

Faulted. Affected by movement along a fault.

Feldspar. A group of abundant, light-colered tock-forming minerals.
Tncludes orthoclase, plagloclase, and microcline.

: ++
Ferrous. Bivalenr iron, Fe ,

Ferric. Trivalent iron, Fe
Fetid. Having a disagreeable odor caused by decomposition of
organic mattery,

fissile. The property of spiirting easily along closely spaced
parallel planes.

Flocculate., To separate inte small lumps,

Fleodplain, A strip of relatively smooth land borderipg a stream,
built of sediments carried by the stream.

Friable. Easily crumbled.

G

Gabbre. A coarse-grained, dark colored igneous rock consisting of
feldspar and pyroxene. Olivine may be present; quartz is absent.

Caining Stream. A stream which receives water from the ground
water bedy.

Gastropod. A member of the mollusc family and includes both lard
and marine snails.

Geohydrology. The science of relating geologic factors te hydro-
logic phenomena.

Geomorphic Province. A major geologic and landform unlt. There
are 1l geomorphic provinces in California, such as the Ceast
Ranges, Creat Valley, Sierra Nevada provinces, etc.

Geosyncline. A large trough that subsided deeply throughout a long
period of time in which a thick succession of stratified marine
sediments accumulated.

Glauconite. A green mineral commonly occurring in sandstones of
marine origin.

Glavcophane. A bluish-colored amphibole occurring in metasorphic
rocks.

Granitic Rock. A coarse-grained ignecus rock including granite,
granodiorice, diorite, granite porphyry, diorite porphyry, and
gabbro.

Granuvdiorite., A coarse-grained igneous rock consisting of quartz,
feldspar, biotite, hornblende, and pyroxene.

Gravel. An accutulation of rounded rock fragments larger than I me.
in diameter.




G

Graywacke. A type el sandstone marked by large grains of quartz
and feldspar in a clay mattix. Commonly a gray color and con-
taining small fragments of shale or slate.

Greenstone. An altered basic ignecus rock of decided greenish
coler due to the presence of such minerals as chlorite, hern-
blende, and epidote,

Ground Water. Subsurface water occurring in the zone of saturatiom,

Cneissose. Having compesite structure similar to gneiss, with
alternating bands which differ {n mineral composition and texture.

H

Hardgpan. A hard impervious layer, composed chiefly of clay,
cemented by relarively insoluble materials, does not become
plastic when mixed with water, and limits the downward movement
of water and Toots. It differs from claypan.

Hydraulic Gradient. The change in static head per uait of distance
in a given direction.

Mydrograph. A graph showing the changes in the water level in a
well withYrespect to time.

Hydrologic Cycle. The complete cycle through which water passes,
cormencing as atmospheric water vaper, passing into liquid (rain)
and scelid (snow) as precipitation, thence along or into the
ground surface, and finally again retorning to the form of atmes—
pheric water vapor by means of evaporation and transpiration.

Hydrelogy. The science that relates to the distribution and
phenomena of naturally-cecurting water.

Hydroxide. A compound containing the hydroxyl ion, OH™, and one or
Tore positive ions, e.g. ferrous hydrexide, }‘e(mi)z.

I

Igneocus. Rock formed fyom the solidification of molten magma,
either at depth vr on the ground surface.

Insoluble. Incapable or very difficult in being dissolved in a
ligu

Intercalated. One body of material interbedded or interlaminated
with another.

Interfinger. To grade or pass from one material to another through
a series of interlocking or overlapping wedge-shaped layers.

Intrusive. 5aid of a rock that has solidified from magma below the
ground surfare.

lon. An electrically charged atom or molecule, e.g. H', OH, etc.

L

Lageonal. Of, or pertaining to a lagoon.

Lamprophyre, A dark, fine-grained dike rock in which dark minerals,
such as bictite, hornbiende, and pyrexene occur both as crystals
and in the matrix.

Lava. Fluid roeck such as that which issues from a volcano; also
the same material solidified by cooling.

Lignite, A brownish-black coal in which the alteration of vegetal
material has proceeded farther than in peat but not so far as
bituminous coal.

Limestone, A bedded sedimentary ruck consisting chiefly of calciuvm
carbonate.

Limendte. Brown hydrous iron oxide (ferrous oxtde}.

Losing Stream. A stresm which contributes recharge te the ground
water body.

M

Mafic. Basic; applies to dark minerals such as hornblende, etr.

Magma. Haturally accurring fluid rock marerial, generated within
the earth and capakle of intrusion and extrusion, and from which
ignecus rocks form by solidification,

. ++

Hanganous. Bivalent manganese, Mn .
; ; -+

Manganic, Trivaient manganese, Mn .

Mathematical Model. A computer technique which simulates dynamic
responses of @ ground water basin to changes in recharge and
pumping patterns. Used as 2 tool to predict future water levels.

Metabasalt. Metamorphosed basali.

Metagraywacke. A graywacke that has undergene a slight degrec of
metamorphism,

Metaworphic. Reck which has formed in the splid state in response
to proncunced changes of temperature, pressure, andfor chemical
environment and which takes place below the ground surface. A
metamerphic vock originally was ot a different form, i.e. it
originally was ignecus, sedimentary, etc.

Micromho. The standard unit of specific rconductance,
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N

Mineral. 1. A naturally-occurring chemical compound which forma
rocks. Minerals usually, but net always, have definfte crystal
structure. 2. A chemlcal constituent of water, such as sodium,
chloride, iron, etc.

Monitoring Well., A well used for the periodic measurement of water
levels and/or pericdic sampling for water quality analyses.

Mudstone, A clay rock which is not fissile,

Mutual Water Company. A corporation or assocliation formed to
deliver watet LG its members or stockholders at cost and not for
profit. Itf is nol obliged to serve water to any but its own
wrembers or stockholders, aund it is not under the jurisdictien
of the Fublic Utilities Commissioen.

Mitrate., An ion containing the completely oxidized form of
nitrogen, i.e. NO;. Nitrogen in the nitrate ion has the form
of N3,

Nitrite. An ion containing the partially oxidized form of
nitregen, i.e. NU?'. Nitrogen in nitrite ion has the form of
o -

Nodular. Having the shape of or composed of nodules.

Nodule. A small mere or less rcumded body generally somewhat
harder than the enclosing sediment or rock matrix.

Nonwaler-Bearing. Any geologic formation which normally does net
yield supplles of ground water to wells in quantities sufficieat
for most beneficial uses. HNonwater—bearing rocks yleld one or
both of the following: (1) Meager supplies of water sufficient
only for limlted domestic wse; {2) Unpotable water.

0

Obsidian. Volcanic glass.

Ooze. A fine-grained marine deposit which contains more than 30%
of mategial of organic origin.

Orogeny. The process of forming mountains, particuiarly by folding
and faulting.

Oxidaticn. 1. The process of combining with oxygen. 2. Increas-
ing the electrical charge of an icn or atom in the pesitive
direcrion, (See also Reductivn.)

oxide. 1. The final product of oxidation. 2. A compound of
oxygen and one or more positive ions.

P

veat. & dark brown to black material produced by the parrial de-
composition of plants.

Pogmatite. Coarse~grained igneous rocks occurring as dikes that
cut across Igneous roucks of finer grain size.

Felecypod. A mollusc such as the clam,

Perched. Soid of ground water that is separated Erom the under-
lying main ground water body by a zone of unsaturated materials.
A perched ground water body has its own water table separate
from that of the underlying ground water body.

Peridotite, A general term for essentially non-feldspathic intru-
sive, igneous rocks consisting of the mineral olivine, with or
without ether minerals such as aomphibole and pyroxene.

perlite. A volcanic glass having numerous concemtric cracks.

Permeability. The abiliry of a geologic material to transmit
Tluids such as water. The degree of permeability depends on the
size and shape of the pore space and the extent, size, and shape
of their interconnections.

Physiography. The study of the physical features {(landforms)
of the earth. locludes physical grography and physical
geology.

Piezometric Surface. Synonymuus with potentiomerric surface.

Pillow Structure, The puculiar form exhibited by some basic lavas
which consist of a sequence of rounded masses thar resemble
pillows or filled sarks. The rounded masses fit closely upon
one another. Pillow structure is generally believed to be the
result of a submarine eruption.

Plagiocclase. A series of rock-forming minerals belonging tu the
feldspar group.

Poresity. The ratio of the tutal valume of the pores in a rock
or soil to [ts toral volume; eapressed as 4 percent.

Porphyry. An igneous rock in which larger crystals are set in a
finer ground mass which may be crystatline, glassy, vor both,

Fotentiometric Surface. The imaginary surface to which water will
Tise in a well tapping a gives aquifer. The potentiometric
surface mav he above ground; in this case, the well would fleow.
The water table is the potentiometric surface in an unconiined
aquifer.



Precipitate. 1. To sepavate or bfcome separated from a liquid.
2. The substance in a state sepjrated from a liquid as a con—
sequence of sowe chemical or phygical charnge.

Precipitation. Rain, snow, mist, £tc.; alse the quantity of water
so deposited on the earth. :

Primary Opening. Openlngs or voidg existing when the rock was
formed. In sedimentary rock, priimary openings are usually the
result of the arrangement and nakure ¢f the original sediment,

Pumice. Solidifed volcanic frothy: it is very light in density and
will float on water. .

Pumpage. The total amount of vater pumped by wells from a ground
water body. .

Pyroclastic, A rock consisting off a miature of s0lid material of
all sizes ejected from a wolcaniic vent.

Pyroxene. A growp of dark—mlore:l: énck-furming minerals.

'
Quartz. A basic rock-forming minerat; crystslline silica dioxide.

Quarte Diorite, An intrusive tgnebus rock similar to diorire with
the addition of quartz, .

Reduction. 1. The process of rem'pving oxygen. 2. Increasing the

electrical charge of an lon or affow in the negative direction.
(See alse Oxidation.) :

Regression. Gradual contraction of a shallow sea resulring in
emergence of land as when sea leivel falls or land rises.

Rhyolite. A fine-grained to porphyritic extrusive ignecus rock of
the same mineral composition as granite.

Salt. Any of a class of cempounds) formed when the hydrogen of an
acid has been replaced by a metall, as ferrous sulfate (FeS0y) is
an iron salt of sulfuric acid {HQSOL}.

Safe Yield. 1. The annual amount of water that can be withdrawm
from a ground water basin without producing any wndesired result.
A draft in excess of safe yield iis termed overdraft. 2. The
rate at which water can be withdrawn from an aquifer without
depleting the supply to such an jextent that withdrawal at this
rate is no longer econcmicaily rieasihle.

Sanitary Scal. The cement grout dnvelope in the annular space
between the well casing and the wall of the hole to ensure that
nu surface water can enter the well.

Schist. A medium or coarse-grained metamorphic reck in which the
rock splits intoc thin, irregulan plates. Mica is the dominant
mineral, X

Scorla. Velcanic slag. Velcanic material, usuvally of basaltic
composition, characterized by dark color, vesicles, and heaviness.
Includes cinders. .

Sedimentary. Said of tocks formed from sediments. Includes such
rock t{ypes as sandstone, congloderate, shale, etc.

Serpentine. A rock which is the dlteration product of several types
of ultrabasic rocks.

Serpentize. The conversion of ulfrabasic rocks to serpentine.

Shearing. The defermativn of ron.n's by the cumulation of small
lateral movements along inumerafie parallel planes, resulting
from pressure. i

Silica Carbonate Rock, An altered form of serpenline; an extremely
hard rock which tanges from gredn to brown and contalns quartz
and other silica minerals as well as a variety of carbonate
minerals,

8il}. A relatively thin body of lntrusive ignecus rock that has
been emplaced parzllel to the structure or bedding of the adjarent
rocks,

Siltstane. A wery [ine—grained reck composed predominantly of
particies of silt size (1/16 to.1/256 mm. in diameter).

Specitic Capacity. The dischargeiof a water well expressed as rate
of yield per unit of drawdown,

Specific Conductance. The measutd of the ability of a fluid to
ronduct an electrical current. | Because conductance is the
reciprocal of resistivity, the pnit of conductance is reported
as the reciprocal of the ohm, ct]]ed the "mho".

specific Yield. As applied ta 2 fock or seil wnit, it is the ratic
of (1) rhe volume of water vhich, after being saturated, 1t will
yield by gravity to {2) ity own volume, This ratic is expressed
as a percentage.

spilite, A type of basalr.

Static Head. The height to whichia column of water will rise in
response Lo pressure at a given: point.

Static Level. The minimum depth to water in a nenpumping well,
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Subsidence. The sinking, or lowering, of a part of the earth's
crust. -

Syncline. A foid in rocks in which the strata dip inward from both
sides toward the axis.

I

Tectonlc. Of, or pertaining to the forces of deformation of the
earth’s crust.

Transgression. Gradual expansion of a shallow sea resulting in the
progressive submergence of land as when sea level rises or land
subsides.

Total Dissolved Sclids. The sum of the principal jons in a water
quality analysis. A measure of the total mineralization of water.

Trapswissivity. The tate of flow of vater through each vertical
strip of aquifer one foor wide having & height equal to the thick-
ness of the aguifer and under a unit hydraulic gradient.

Transpiration. The process by uhich water vaper escapes from a
Tiving plant and enters the atmosphere.

Trivalent. An ion with a triple electrical charge, e.g. Fe .

Tuff. A rock compesed of compacted velcanic [ragmencs smaller than
4 sm. in diaweter,

Tuff Breccia. A voleanic breccia in which the matrix, composed of
tuff, accounts for from 25 te 75 percent of the tetal volume.

U

Ultrabasic. Dark-colered igneous rocks which contain no guartz or
feldspar.

Ultramafic. Ultrabasic.

Unconfined. . Water din an aquifer that has a water table.
2. An aquifer containing unconfined ground water.

Uncontormity. A surface of ercsion that separates younger strata
from blder rocks. °

Unpotgble Water. Water that is not fit for human consumption.

v

Vesicle. A small cavity in a volcanic rock formed by the expansicn
of a bubble of gas or steam during solidification of the rock.

W

Water-Bearing. Any geologic formation which nermally yields supplies
of potable ground water to wells in quantities sufficient for mosc
beneficial uses.

Water Quality. The study and identification of the various comstit-
wents in naturally-occurving grownd and surface water.

Water Table. 1. The upper surface of a zone of saturation except
wvhere that zone is confined by an impermeable stratum. 2. The
locus of points In seil water at which the pressure is equal to
atmospheric pressure. 3. The level at which water srands in a
well that penetrates a pround water bedy just far encugh to hold
standing water.

Welded Tuff. A tuff which has been transformed inte a very hard
dense rock by the action of heat contained in the particles and
in the enveloping hot gases.

JA

Zeolite. A group of minerals rharacterized by theit easy and re—
versible loss of water of hydration and their significant capacity
for fom-exchange,

Zone of Aevation. The zone between the land surface and the deep-
est water table, 1t includes the capillary fringe,

Zone of Saturation. That part of the earth's crust below the
deepest water table in which all voids are filjed with water.

Sources:

American Geplogical Institute. -“Glossary of Geclogy and Related
Sciences, with Supplement'. Znd Editiom. 1960.

Hem, J. D. "Study snd Interpretatijon of the Chemical Character-
istiecs of Matural Water”. €. 3. Ceulogical Survey. Water-Supply
Paper 1473. 1959.

Lohman, §. W. and others. "Definitions of Selected Ground-Water
Terms: Revisions and Conceptual Refinements". V. S. Geological
Survey. Water-Supply Paper 1988, 1972,

Poland, J. F. and others. "“Glossary of Selected Terms Useful in
Studies of the Mechanics of Aguifer Systems and Land Subsidence
Itue to Fluid Wirhdrawal™. U. §. Geological Survey. Water-Supply
Paper 2025. 1972,

Thomasson, H. G. and others. '"Geology, Water Resources and Usable
Sround-Water Sturage Capacity of Part of Solame County,
California". LU. 5. Geological Survey. Water-Supply Paper la64.
1960,

Todd, B. K. "Ground Water Hydrelegy". John Wiley & Sons. 1960,







APPENDIX €

ENGLISH - METRIC EQUIVALENTS

Each unit with its abbreviation is followed by its equivalent

in one or other units of the same quantity. In the text,

the metric equivalents are shown only to the number of significant
figures consistent with the values for the English umits. -

Length © Inch (in) - 2.54 centimeter (cm)
Centimeter (cm} - 0.3937 inch (in)
Foot (Fft} - 0.3048 meter {(m)
Meter (m) - 3.2808 feet (ft); 39.37 inches {in)
Mile (mi) - 1.6094 kilometer {(km)
Kilometer {km) - 0.6214 mile {mi)

Area i Acre (a) - 43,560 square feet (ft2); 0.4047 hectare (ha)
Hectare (ha) - 10,000 square meters (m2); 2.471 acres (a)
Square mile {mi2) - 640 acres {a); 259 hectares (ha); 2.59 square
kilometers {km?)
Square kilometer (kmZ) - 100 hectares (ha); 0.384 square mile (miZ2)
Square foot (ft2) - 0.0929 square meter {m?)
Square meter {m?) - 10.764 square feet (ft2)

Volume Gallon (gal) - 3.7853 Yiters (1); 0.00378 cubic meter {m%)
© Liter (1? - 0.2642 galion {(gal); 1.057 gquarts (qt)
Cubic meter {m3) - 264.173 gallons (gal); 1,000 liters (1)

Discharge ©  Gallon per minute (gpm} - 3.79 liters per minute {1/m)
. Liter per minute (1/m) - 0.264 gallon per minute (gpm)
Gallon per minute per foot of drawdown (gpm/ft) - 0.21 liter per minute
per meter of drawdown (1pm/m)
Liter per minute per meter of drawdown (lpm/m) - 4.92 gallons per minute
per foot of drawdown {gpm/ft)
Million gallons per day ?MGD) - 3780 cubic meters per day (m3/d)

Ground Water Storage : Acre-foot (ac-ft) - 1,233,5 cubic meters (m3)

Thousand acre-feet (ac-ft) - 1,233,500 cubic meters {m3); 1.23 cubic
hectometers (hm3)

Cubic hectometer {hm®) - Million cubic meters (m3); 810.71 acre-feet {ac-ft)

Percolation . Minute per inch (mpi} - 0.39 minute per centimeter (m/cm)

:  Minute per centimeter (m/cm} - 2.54 minutes per inch {mpi)
Concentration Milligram per liter (mg/1) - 1 part per million (ppm)
Temperature Degrees Celsius {°C} - 0.555 [Degrees Fahrenheit (°F) - 32]

Degrees Fahrenheit {°F) - 1.8 [Degrees Celsius (°C)] + 32
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APPENDIX D

GROUND WATER GEOLOGY

A summary of the ground water geology of Sonoma County along

with a discusgion of the basic principles of geology and hydrology
were presented in Chapter II of this bulletin. Contained in

this appendix is a detailed discusslon of the geologic features

of the county.as they pertain to ground water. Included is
information oh the geologic history; the physical, water-quality,
and water-yiellding characteristics of the various nonwater-bearing
and water-bearing formations; and the effect of geologic structures
on the movemeht and quality of ground water.

Geologic History

The oldest ropks exposed in Sonoma County occur at Bodega Head,
west of the ShAn Andreas Fault. The granitic rocks found here
represent the! core of an ancient landmass that once stretched
southward and; included what is now the Point Reyes Peninsula,

the Farallon Islands, and the granitic mountains of Santa Cruz
and Monterey Counties. These intrusive rocks were formed at
great depth when they crystallized during the early part of the
Jurassic Peripd. Subsequent uplift brought them to the surface,
and erosion has reduced them to the isolated remnants seen today.
East of the San Andreas Fault are found somewhat contemporanecous
marine sedimehts, which were formed as geosynclinal deposits

in an oceanic, environment during the Jurassic Period. These
deposits, which together comprise the Franciscan Formation and
the Great Valjley Sequence, are formed of sediments derived from
an area located west of the present shoreline. The area which
received theske sediments was of broad extent and was slowly
subsiding.

During the 50 million years that the sediments were belng deposited,
they were intruded with basic and ultrabasic rocks in the form

of dikes, sills, and pillow lava flows, most of which subsequently
have been completely serpentinized. Puring the Creataceous Period,
deposition was halted and was followed by a brief period of uplift.
During this uplift, coarse conglomeritic detritus was deposited

in certain areas, while in others, sand and clay continued to
mantle the sea bottom. 1In a few areas, notably along what is

now the present sea coast, basaltic flows poured out from localized
volcanic centers.
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In the early part of the Tertiary Period, marine deposition agaln
was the rule. Paleocene and Eocene sediments, ranging from sand
to clay, were deposited in areas to the west and east of the

San Andreas Fault. During Miocene time, the sea invaded the
area, and shales and sands of the Neroly and related formations
were deposited. Also in Miocene time, there were several periods
of transgression and regression of the sea as the land surface
oscillated above and below sea level. Toward the close of the
Mlocene Epoch, crustal compressional forces began forming the
Coast Ranges.

'‘Beginning in the early part of the Pliocene Epoch, a volcanic
sequence was deposited in the south-central part of the county.
After a subsequent period of erosion, deposition began anew,
forming the sediments which now constitute the Petaluma Formation.
The depositional environment of the Petaluma Formation consisted
of shallow to brackish water embayments which had been eroded
into the landscape formed from the Jura-Cretaceous and later
rocks. Following deposition of the Petaluma beds, a period of
orogeny occurred, which tilted, folded, and uplifted these beds
while still young. This caused a widespread period of vigorous
erosion, during which much of the then-soft Petaluma sediments
were stripped off. By that time, much of eastern Sonoma County
was above sea level, and here and there were lakes filled with
water, which supported large communities of diatoms. At about
this same time, movement began along the Tolay Fault, which
caused a displacement of several thousand feet of formerly
adjacent sediments.

During the latter part of the Pllocene Epoch, volcanic activity
broke out in the eastern part of the county. Vents spewed out
vast amounts of tuff-breccia, lava, ash, and cinders, all of
which now constitute the Sonoma Volcanics. Meanwhile, to the
west, in a shallow marine environment, sands and clays were
being deposited to form the Merced Formation. This latter
formation was deposited in an embayment that covered the central
part of the county as far north as Healdsburg. At the close of
the Soncma volcanic episcde, reworked volcanic detritus began
to be deposited under lagoonal and deltaie conditions; these
sediments now are the Glen Ellen Formation. Sediments in the
lower part of the Glen Ellen Formation were deposited contem-
poraneously with those of the Merced Formation as shown by the
interfingering of these two formations.

In the northwestern part of the county there was a broad,
shallow depression with a northwesterly orientation. Deposition
of sandy material in this depression occurred contemporaneously
with Merced-Glen Ellen deposition farther south; sediments in
this depression now comprise the Ohlson Ranch Formation. Sub-
sequent uplift of this basin brought the Ohlson Ranch Formation
to the elevation of the ridgetops where much of it was removed
by ercsion, leaving only the remnants seen today.

144



Uplift of the Ohlson Ranch sediments occurred at about the same
time as uplift and faulting of the Merced and Glen Ellen sedi-
ments. By the |close of the Pliocene Epoch, the Kenwood and other
synclines had been formed, and the structural feature that now

is Sonoma Valley began to take shape. To the west, however,

were sti1ll rolling hills leading down to the sea, and no evidence
of the Santa Rosa Plain as yet could be seen.

|
buring the Pleistocene Epoch, uplift and erosion continued, with
much of the Ohlson Ranch, Merced, and Glen Ellen Formations being
,Stripped off. Present drainage courses were established and
Older Alluvium.was deposited in many areas. Downwarping along
the Windsor Syncline in the Santa Rosa Plain area caused the
creation of a Hroad valley which sloped southward from Dry Creek
all the way to what is now San Pablo Bay.

In the late paﬂt of the Pleistocene Epoch, sea level stood some
300 feet (91 m) lower than it does today. Streams draining the
highlands cut deep valleys as they meandered southward toward
the Golden Gate. Local uplift in the viecinity of the Washoe
Anticline subsequently created a gentle arch in the vicinity

of Penngrove. iThis formed the present drainage patterns and
turned the Russgilan River westward to the sea. Since the begin-
ning of the Holocene Epoch, Mark West Creek has changed its
course slightly. This event has been coupled with rapid aggrada-
tion along the creek and minor subsidence along Laguna de Santa
Rosa to the south, all of which helped to create the swamp and
marsh condition found today along Laguna de Santa Rosa from near
Sebastopol downstream toward Cccidental Road.

i
i Geologic Formations and Their
Water-Bearing Properties

Nearly all geologic formations in Sonoma County yield some degree
of water to wells. Well yields range from 1,000 gpm (3,780 1/m)
in wells completed in coarse-grained Holocene deposits, to less
than 1 gpm (3.78 1/m) in wells in the Jura-Cretaceous and
Tertiary marine sediments. In general, the Jura-Cretaceous and
Tertiary marine sediments, along with the granitic rocks and
serpentine, yield less than 5 gpm (19 1/m). Mineral constituents,
such as chloride, iron, manganese, and boron may be present in
sufficlent amounts tc make ground water nonusable. In contrast,
the Pliocene to Holocene materials are the principal water pro-
ducers in the county; the water derived from these materials
usually is of good to excellent quality, although some water
quality problems also may be present.

Each of the various geologic formations occurring in Sonoma County
is discussed below. Included in the discussion is a description
of its general lithology, its water-ylelding characteristics,

and the general character of ground water produced.
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Granitic Rocks

An area of intrusive granltic rocks is exposed along the western
side of Bodega Head. Named the Bodega diorite by Johnson (1943),
the rocks consist of deeply weathered, sheared, and faulted
hornblende~bictitie-quartz diorite. Pegmatite, aplite, and
lamprophyre dikes occasionally are present; some of the rock
mass exhibits gneissose banding. Johnson correlated the Bodega
diorite with similar rocks occurring in the Santa Lucia and
Gabilan ranges to the south; it is considered to be of pre-
\Franciscan age.

A spring-fed pond is located at the abandoned site of the
Bodega Nuclear Power Plant. The pond is formed from ground
water entering the foundation excavation area. The water level
in the pond stands about 20 feet (6 meters) above sea level,
and there is a constant outflow from the pond into Bodega Bay
of from 10 to 20 gpm (38 to 76 1/m). The water in this pond

is an acceptable quality sodium chloride water.

There are no known wells in the granitic rocks of Bodega Head.
Wells drilled into this rock mass may be able to produce limited
quantities of potable ground water from fractures, shears, and
deeply weathered zones.

Franciscan Formation and Great Valley Sequence,
Undifferentiated

General Character. Much of the mountainous area 1n the north-
western and northeastern parts of the county is underlain by an
assemblage of marine sediments with a stratigraphic thickness
of at least 40,000 feet (12,000 meters) that has been identi-
fied as part of the Franciscan Formation and the Great Valley
Sequence. Lesser exposures of these rocks also occur in the
southwestern and southeastern parts of the county.

In the north coastal area, west of the San Andreas Fault, the
rocks of this group have been identified by Huffman (1972) as
being of Cretaceous age and have been named the Stewarts Point
Strata and the Anchor Bay Strata. These rocks are massive sand-
stone, conglomerate, and mudstone, all of marine origin. Under-
lying the Stewarts Point Strata near Black Point is a complexly
faulted mass of spilitic basalt.

The rocks east of the San Andreas Fault have been divided into
two main groups, the Franciscan Formation and the Great Valley
Sequence. Rocks of the Franciscan Formation predominate through-
ocut most of the area. These rocks are of Jura-Cretaceous age

and consist of three main rock types. The sedimentary sequence
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consists of interbedded graywacke and shale with minor amounts
of greenstone, [conglomerate, chert, and limestone. DMuch of the
rock is highly |shattered and commonly is veined with zeiolite
minerals. The metamorphic sequence contains metagraywacke with
lesser amounts of weakly metamorphosed greenstone and chert;
some glaucophane schist also is present.

|
The sheared sequence includes sheared sandstone and shale with
discrete masses of serpentine and other rock types such as ultra-
mafic, silicacarbonate rock, chert, greenstone, pillow lava,
metabasalt, glaucophane schist, eclogite, and amphibolite. All
of these rock types are intensely folded and faulted; zones of
shearing and crushing are common. Rocks of the Great Valley
Sequence are composed of well-bedded sandstone, shale, siltstone,
and conglomerate. Included near the base of the Great Valley
Sequence are masses of pillow lava, basalt breccia, diabase,
gabbro, quartz diorite, and ultramafic rocks.

Water Quality.:. Only meager data are availiable on the quality
of ground water contained in the fracture and shear zones of the
Franciscan Formation and Great Valley Sequence. Excellent
quality water is found at a number of cold springs which issue
from these rocks. Thermal areas, such as The Geysers and Skaggs
Springs, yileld hot to boiling water with compositions ranging
from highly miheralized sodium bicarbonate water tc unpotable
magnesium sulfate and ammonium sulfate water.

Water quality data are available for only one well tapping the
rocks of the Franciscan Formation. This well Number 4N/7W-8R80,
is located south of Petaluma and is 854 feet (260 meters) deep.
The well produ¢es an excellent gquality sodium bicarbonate water
that has a total hardness of only 5 mg/l. The water is used

for both domestic purposes and dairy operations.

Well Yield. Ground water is present in the Franciscan and
Great Valley Se¢quence rocks as indicated by the great number of
springs in thei areas of outcrop (see Figure 18). Ground water
is not present in primary openings, as with the water-bearing
materials, but: rather in seccndary openings such as Jjoints,
fractures, and shear zones. Wells drilled in these rocks fre-
quently are completed as "hard rock" wells; that is, they usually
are uncased. Well yields generally are low and range from less
than 1 to at most 3 gpm (<4 to 12 1/m). These meager yilelds,
however, may be sufficient for domestic purposes provided that
water storage facilities of at least 1,000 gallons (3.78 (m3)
are avallable,

Well log data are available from 27 wells drilled into the Jura-
Cretaceous rocks. These wells range in depth from 20 to 257 feet
(6 to 78 meters); the range of yield of water is from 0.2 to
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68 gpm (0.7 to 257 1/m), with the average being 18.4 gpm (70 1/m).
Static water levels ranged from 2 feet to 160 feet (0.6 to 48.7
meters); one well was reported as flowing. An indicatlion of the
abllity of a "hard rock" well to yield water is its discharge

per unit of saturated rock. For wells in the Jura-Cretaceous
rocks, this value ranged from 0.01 to 1.5 gpm per foot (0.1 to

18 1/m per meter); the average was 0.22 gpm per foot (2.7 1/m

per meter).

~Serpentine

Elongate masses of serpentine and related ultramafic rocks occur
within the outcrop area of the Franciscan Formation. Major

areas of this rock type have been identified on Plate 1. The
rock areas so identifled consist of blocks of greenish-black
serpentinized periodotite enclosed in a bluish-green matrix of
sheared serpentine. The weathered surface of these masses
commonly 1s reddish-brown due to concentrations of iron oxides.
Serpentine is not usually considered a reliable source of potable
ground water. Mineral analyses are available from two springs

in an area of serpentine (see Table 15). One spring yields a
highly alkaline unpotable calcium hydroxide water; the other yields
a magnesium bicarbonate water of acceptable potability.

Dry Creek Conglomerate

General Character. Although usually mapped as part of the

Great Valley Sequence, the Dry Creek Conglomerate is considered

a separate unit for ground water studies because of its ability
to transmit and yield appreciable quantities of good-guality
ground water to wells. The conglomerate is situated in the fold
of the Geyserville Syncline which trends northwesterly from

east of Fitch Mountaln through Lytton to Pritchett Peaks, a
distance of about 18 miles (29 kilometers). The surface exposure
of the conglomerate ranges from one to two miles (1.6 to 3.2
kilometers) in width. The conglomerate consists of beds up to
100 feet (30 meters) thick of well-rounded cobbles and boulders
of granodiorite, porphyry, chert, quartz, and greenstone; the
matrix is an arkosic sandstone. The conglomerate is extremely
massive; Gealey (19%0 estimated its thickness at 5,000 feet (1,500
meters). Exposures of a similar conglomerate have been reported
to the scoutheast in Napa County.

Water Quality. Ground water in the Dry Creek conglomerate is
an exXcellent quality calcium bicarbonate water. Table 2 presents
a summary of the quality characteristics of ground water in the

Dry Creek conglomerate. No data have been gathered concerning
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the presence of any deleterious mineral constituents in ground
water in this conglomerate,

Well Yield. Wells in the Dry Creek Conglomerate yield suffi-
cient water for most domestic purposes. Data are available for
11 wells tapping this conglomerate. The wells, situated mostly
near the interdection of Canyon Rcad and Walling Road, range in
depth from 50 to 341 feet (15 to 104 meters). After completion,
depths to standing water ranged from 22 feet (6.7 meters) in a
50-foot (15-meter) well to 145 feet (U4 meters) in the 341-foot
(104-meter) well. All wells were tested by the well driller
with a bailer; reported yields ranged from 20 to 60 gpm (76 to
227 1/m) with drawdowns ranging from 15 to 105 feet (4.5 to

32 meters). g

Tertiary Marine Sediments

General Characfer. Two areas of Tertiary marine sediments occur
in Sonoma County. West of the San Andreas Fault, near Fort
Ross and southiof the Gualala River, marine sediments of early
Tertiary age are exposed. These sediments overllie Cretaceous
sediments and have been identified by Blake, et al, (1971) as
two distinct units. Paleocene to middle Eocene strata near
Fort Ross have been called the Strata of German Rancho; these
rocks consist ¢f thin to thick interbeds of sandstone and mud-
stone. Near the Gualala River, Miocene marine sediments,
consisting of mudstone, siltstone, and glauconitic sandstone,
have been tentatively classed by Huffman (1972) as being part
of the Gallaway Formation. Associated with these latter beds
are two small areas of basalt.

In the upper part of Nuns Canyon, near the eastern border of
soncema County, Weaver (1949) described an exposure of Tertiary
marine sedliments and assigned them to the Neroly Formation. The
beds are of Midcene age and are composed principally of north-
westerly dipping medium grained tan sandstone containing casts
of marine pelec¢ypods.

Water Quality. Ground water in the Tertiary marine sediments
along the coast is a moderately hard calcium bicarbonate water
sultable Tor most domestic purposes. There are no water guality
data available from the Tertiary marine sediments of the Nuns
Canyon area.

Well Yield. Yield data are available from eight wells drilled
into the Tertiary marine sediments north of Fort Bragg; no wells
have been drilled in the Tertiary marine sediments of the Nuns
Canyon area.
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Yields from the wells along the coast range from a low of

0.2 gpm (0.4 1/m) to a high of 37 gpm (140 1/m); the median
vield is 5.5 gpm (21 1/m). Static water levels range in depth
from 7 to 33 feet (2 to 13 meters) and average 22 feet (6.7
meters). Using the criteria of well yield per foot of saturated
thickness, the average value for the Tertiary rocks is 0.104 gpm
per foot (1.3 1/m per meter) of saturated thickness; the range is
from 0.001 to 0.33 gpm per foot (0.01 to 4 1/m per meter).

Petaluma Formation

General Character. The Petaluma Formation 1s exposed at various
localities in Sonoma County, from Sears Point northward nearly
to Santa Rosa. The formation consists of folded continental and
brackish water deposits of e¢lay, shale, sandstone, with lesser
amounts of conglomerate and nodular limestone; occaslional thick
beds of diatomite are present. Work done by Dickerson (1922)
indicates that the formation is of upper Miocene age. According
to Morse and Bailey (1935), the Petaluma Formation is more than
4,000 feet (1,220 meters) in stratigraphic thickness. Weaver
(1949) measured a section of the formation near Lakeville and
found a total thickness of 1,059 feet (323 meters). The section
contained 70 percent clay shale, 25 percent sandstone, and

5 percent pebbly conglomerate. A 94-foot (29-meter) thick
section was measured by Cardwell (1958) near Waugh School on
Corona Road. Medium-grained, thinly cross-tedded, friable sand-
stone accounted for 48 percent of the total. The remainder was
silty clay with large nodules of limestone.

The area of exposure of the Petaluma Formation from the vicinity
of Lakeville southeast to Sears Point has long been strati-
graphically indefinite. Morse and Bailey (1935) originally
mapped these beds as the "Petaluma Beds" and assigned them to
the Pliocene, on the basis of ostracod fossils and leaf impressions.
Subseqguent work by Weaver (1949) and Cardwell (1958), placed
these beds in the younger Merced Formation. Fox, et al (1973),
Sims, et al (1973), and Blake, et al (1974) remapped much of
this area and placed these sediments again in the Petaluma
Formation. In the current investigation, the Petaluma Formation
has been defined as being contemporanecus in part with the
Merced Formation.

The upper part of the Petaluma Formation apparently inter-
fingers with sediments of the Merced Formation, thus causing
some of the confusion in identifying areas of the Petaluma
Formation. Logs of water wells analyzed during this current
investigation indicated that a number of wells east of the
Denman Flat area reported "blue sandstone with shells" in
areas previously identified as Petaluma Formation. Because

150



fossiliferous sandstone is diagnostic of the Merced Formation,
these areas haye been assigned to that latter formation.

Water Quality.. Ground water in the Petaluma Formation ranges
from sodium bigarbonate to sodium chloride and calcium chloride
in composition. Water analyses indicate that wells in the

area of outcrop will yield water with a range of electrical
conductivity from 840 to 1,400 micromhos; chloride ion ranges .
from 78 to 177 mg/l. Deep wells underlying Petaluma Valley tap
beds of the Petaluma Formation. Here, wells yield a calcium-
chloride waterj; electrical conductivities are 800 to 900
micromhos and chloride contents are 175 to 200 mg/1l. In all
cases, boron cpncentrations are 0.2 mg/l or less.

Well Yield. The Petaluma Formation is noted for its low well
yield. Bailer: test data are available from 42 wells tapping

the formation. These wells yielded from as low as 5 gpm

(19 1/m) to as much as 300 gpm (1,134 1/m). Drawdowns were
reported to be. as much as 200 feet (61 meters) at one well

which yielded bnly 10 gpm (38 1/m). One 739-foot (225-meter)
well in the Behnett Valley area penetrates the Petaluma Formation;
the results of a 72-hour pump test are available for this well.
Using the method developed by Brown (1963) and utilized in the
study of the ground water resources of Livermore Valley, Ford

and Hills (1974), a transmissivity of 3,754 gpd/ft (46.54 m3/day)
was derived fol the Petaluma Formation.

Sonoma Volcanics

General Character. The Sonoma Volcanics were named by Weaver
{1949) for a thick sequence of volcanic ejecta and related
volcanic sediments that are exposed in the Sonoma Mountains.
Weaver identified related volcanic materials, also assigned to
the Sonoma Vol@anics, occurring in the Mayacmas Mountains and
the mountains separating Sonoma Valley from Napa Valley.
Cardwell (1958) extended the volcanic sequence to include
isolated volcanic exposures to the west of the Santa Rosa
Plain. ;

Included with ithe Sonoma Volcanics, but differentiated on

Plate 1, is a sequence of volcanic sediments which have been
differentiated by Fox, et al (1973). Also differentiated on
Plate 1 are exposures of the St. Helena Rhyolite, which first
was described by Osmont (1905) and further identified by

Weaver (1949). 1In the area of Healdsburg and Alexander Valley
much of the area now shown as Sonoma Volcanics originally was
considered as the Sonoma Group by Gealey (1951). -Later work

by Blake, et &1 (1971) placed these materials within the Sonoma
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Volcanics. Exposures of the Sonoma Volcanies in the northeastern
corner of the county have been identified by McLaughlin (1974)
as the Caldwell Pines Basalt and the Cobb Mountain Rhyolites.

The Sonoma Volcanics comprise a great thickness of mixed voleanic
materials consisting of flows, dikes, plugs, and beds of ande-
site, rhyolite, basalt, tuff breccia, agglomerate, tuff, and
related intermediate to acidic flow rocks. Banded flows of
welded tuff, perlite, and obsidian occur locally. Some obsidian
zones are up to 10 feet (3 meters) in thickness and range from
glassy to prophyritic. Volcanic ejecta comprise some 60 percent
of the total mass, with the remainder being composed of a
variety of volcanic-related sediments such as black volcanic
sandstone, ashy clay, tuffacecus sandstone, and diatomite. It
is this latter, the diatomite, which allowed for the dating of

a part of the Sonoma Volcanics. Axelrod (1944) studied samples
of the Soncma diatomite and identified it as being middle to
late Pliocene in age, on the basis of plant fossils contained
therein.

The Sonoma Volcanics accumulated in a basin that was some

30 miles (48 kilometers) wide in an east-west direction and

40 miles (64 kilometers) long from north to south. With a
maximum thickness of well over 1,000 feet (300 meters), the
volcanies cover an area of about 350 square miles (91 square
kilometers). The volcanics usually overlie the older Jura-
Cretaceous sediments with a pronounced unconformity. Certain
parts of the volcanics interfinger with partly contemporaneous
beds of the Petaluma, Merced, and Glen Ellen Formations. In
some areas the volcanics unconformably overlie or are in fault
contact with the Petaluma Formation.

Lower portions of the Sonoma Volcanics are strongly deformed

as a result of intense folding and faulting. This condition

and the extreme lateral variability of the flows make it nearly
impossible to trace flows and beds over any great lateral dis-
tance. According to Huffman (1971), upper portions of the Sonoma
Volcanics are but little deformed and occur as gently sloping
flows of basalt and andesite.

In the Sonoma Valley area, Kunkel and Upson (1960) reported a
great number of thick flows of tuff breccia containing blocks

of andesite up to 4 feet (1.2 meters) across contained in a
matrix of fine-grained ash. Also noted were locally abundant
beds of red scoria having high permeability. In contrast to

the andesitic nature of the Sonoma Voleanics found elsewhere,
the volcanics in Alexander Valley are composed of basaltic flows
and related material. Many of the basalt flows are up to

100 feet (30 meters) in thickness; pillow structure is common.
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Water Quality. Ground water in the Sonoma Volcanics usually

is a satisfactiory quality sodium bicarbonate water. Boron
concentrations of up to 1.0 mg/1l have been reported. Because

of a higher than usual geothermal gradient, some ground water

from deep wells in the volcanics is warmer than that found at
equal depth in other formations. The unusual gradient illustrated
by the water from Well 7N/7W-32G1l, which is 403 feet (123 meters)
deep and produces water with a temperature of 74 B (23 c),
temperature sdgmewhat warmer than that of usual ground water.

Well Yield. The productivity of water wells drilled into the
Sonoma Volcanics 1s highly variable and unpredictable. In some
areas a driller might complete a well producing adequate quan-
tities of water for domestic use, while only a short distance
away a nonproducer, or dry hole, had previously been drilled.
In general, successful wells drilled into the volcanics should
yield from 10, ,to 50 gpm (38 to 189 1/m) and drawdowns should

be on the order of from 10 to 120 feet (3 to 37 meters).
Because of thé large expected drawdowns and the fact that
standing water may be as deep as 200 to 300 feet (60 to 90
meters), domedtic wells ranging in depth to 500 feet (150 meters)
are not uncomnmon.

Three exampleg illustrate the nature of the Sonoma Volcanics

as a water-progducing unit. The first is a well on Mountain Home
Ranch Road, near the Napa County line. The well originally was
drilled to a depth of 200 feet (60 meters) in "yellow sandstone,
blue sandstone, blue clay, shattered rock, and hard rock". When
tested with aibailer, the well produced 20 gpm (76 1/m) with

a drawdown frgm standing level of 25 feet (7.6 meters); standing
water was at g depth of 40 feet (12 meters). These data indicate
that the specific capacity of the well was 0.8 gpm per foot

(9.9 1/m per neter) of drawdown. Six years after the well was
completed, it was deepened to U400 feet (120 meters), passing
through 200 fé¢et (60 meters) of "black volcanic rock™. The water
level in the deepened well was 330 feet (100 meters) and when
tested with abailer, it produced 20 gpm (76 1/m) with a draw-
down of 20 fedt (6 meters); the specific capaclty of the deepened
well was 1.0 gpm per foot (12.4 1/m per meter) of drawdown.

A pair of wells also along Mountain Home Ranch Road illustrates
the unpredictive nature of the Sonoma Volcanics. One well was
drilled to a depth of 241 feet (73 meters) and was perforated
from 220 to 240 feet (67 to 73 meters) in "black voleanic rock".
When tested, this well yielded 50 gpm (189 1/m) with a drawdown
of 5 feet (1.5 meters). The specific capacity of the well

was 10.0 gpm per foot (124 1/m per meter) of drawdown, and

the standing water level in this well was 180 feet (55 meters).
A short distance away, another well was drilled to a depth of
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256 feet (78 meters). The perforated interval in this latter
well was 156 to 256 feet (48 to 78 meters) in "volcanic conglo-
merate”. On test, the well produced 40 gpm (151 1/m) with a
drawdown of 35 feet (11 meters); the specific capacity was

1.1 gpm per foot (13.6 1/m per meter) of drawdown. The depth
to standing water in this well was reported to be 165 feet

(50 meters).

Finding water in the Sonoma Voleanics is not always possible.
This is illustrated by the records from four test wells drilled
near St. Helena Road. The first test well was drilled one-
quarter mile (0.4 km) from an existing well and went to a total
depth of 841 feet (256 meters). The log indicated a succession
of "hard blue rock, cemented gravel with volecanics, multi-
colored rock, white volcanic ash with pebbles, and hard rock".
When tested with a bailer, the well yielded but 2 gpm (7.6 1/m)
with a reported drawdown of 650 feet (198 meters); the specific
capacity was 0.004 gpm per foot (0.05 1/m per meter) of draw-
down. Three other test wells then were drilled on the same
property to depths of 270, 225, and 190 feet (82, 69, and 58
meters), all in sequences of "sandstone, broken rock, and blue
clay". Being dry holes, all were abandoned.

The water-yielding characteristics of the Sonoma Volecanics in
the area of the Sonoma Mountains is similar to that in the
mountalinous area to the east. A well was drilled at Jack London
State Historical Monument to a depth of 136 feet (41 meters).
The well log indicated "red rock, fractured gray basalt, and
red and black clay". Tested for 24 hours, the well yielded

315 gpm (1,190 1/m) with a drawdown of 12 feet (3.6 meters);

the depth to standing water was 28 feet (8.5 meters). The
specific capacity of this well was 26.2 gpm per foot (324.9 1/m
per meter) of drawdown. In contrast, a deep municipal well was
drilled several miles to the south. This 1,005-foot (306-meter)
well intercepted "black rock, multi-cclored rock, black and

red rock, green rock, and conglcmerate". When tested, it
vielded 60 gpm (227 1/m) with a drawdown of 720 feet (219
meters). The specific capacity was 0.075 gpm per foot (0.9 1/m
per meter) of drawdown. Standing water in this well was at a
depth of 80 feet (24 meters).

OChlscon Ranch Formation

General Character. The Ohlson Ranch Formation has been described
by Higgins (1960) as consisting of marine sandstone, siltstone,
and conglomerate up to 160 feet (49 meters) thick similar in
appearance to the Merced Formation. The 0Ohlson Ranch Formation
occurs only in the northwestern part of Sonoma County in the
vicinity of the town of Annapolis. Here, resting atop ridges
composed of dipping marine strata of the Franciscan Formation,
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flat-lying beds of Pliocene age fluvial sediments occur. Wave-

cut terraces and sea stacks buried beneath the formation indicate
that it was farmed in a shallow-water embayment., Since deposi-
tion, the shallow basin has been uplifted and dissected by erosion,
leaving the isolated areas as they are today. It is not known

if the sedimerits of the Ohlson Ranch Formation are a northwest
extension of the similar sediments cof the Merced Formation to

the south, but it is assumed that the two formations are
contemporaneous.

Water Quality. Water quality data are available from two wells
in the Annapolis area. These wells yield an excellent gquality
sodium bicarbdnate water.

Well Yield. ‘Well yield data are available from five wells
tapping the Ohlson Ranch Formation in the vicinity of Annapolis.
Yields from these wells range from 2 to 36 gpm (7.6 to 136 1/m),
with drawdowns ranging from 30 to 125 feet (9 to 38 meters).

Merced Formation

General Character. The Merced Formation is one of the principal
water-producing formations in Sonoma County. The formation
consists of massive beds of fine to very fine-grained sandstone
which is expoged over a broad area extending from Petaluma, on
the south, to:the Russian River, and from the west edge of the
Santa Rosa Plain westward to beyond Occidental. Exposures of
pebble conglomerate and siltstone in the area east of Cloverdale
have also been included in the Merced Formation, although the
exact stratigraphic relationship of this latter unit 1is not
clear. In the subsurface, the Merced Formation has been identi-
fied at depth . beneath the Santa Rosa Plain as well as beneath

a cover of yo¢nger alluvium in Petaluma Valley.

The color of the Merced sandstone ranges from red, to orange,

to white in exposed sections and from blue to gray in the sub-
surface where the beds have been under reducing conditions

since deposition. Many well drillers report "clam shells" and
"oysters" when drilling in the Merced Formation, indicating the
wells have penetrated one of the numerous fossiliferous zones
known to exist throughout the formation. Paleontological

studies reported by Cardwell (1959) show that most shells belong
to five reported species of pelecypods and four of gastropods.

So abundant are many of the shell beds that they resemble coquina.

Much of the sandstone is loose and poorly cemented, although
some beds, principally the more fossiliferous ones, are
cemented to some degree with calecium carbonate and iron
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oxide. Near the base of the formation there is a bed of white
tuffaceous material about 10 feet (3 meters) thick. This bed
is exposed near the western edge of the outcrop area where it
can be seen as white patches on the hillsides. Interbedded
wilth the beds of the Merced Formation are several beds of tuff
breccia, one of which attains a thickness of 10 feet (3 meters).
Whether these tuff breccia flows represent distal ends of flows
from the Sonoma Volcanics or whether they are from some local
source is not known. Johnson (1934) found a volcanic neck
northeast of Bodega and suggested that as a possible source.
Travis (1952), however, stated that there is no evidence to
support this view.

The Merced Formation is of late Pliocene age and was deposited
in a subsiding embayment that was open to the ocean. Cardwell
(1959) has postulated that the Merced sediments were derived
from older Franciscan rocks to the north and were brought
southward by a major trunk stream to be deposited in a lagoonal
environment that was protected from the ocean by an off-shore
bar. The sediments were deposited on a surface of high relief
carved into the underlying Franciscan sediments. Occasioconal
outliers of Franciscan rocks seen today surrounded by Merced
sediments represent former islands that were partially buried
during Merced sedimentaticn,

The Merced Formation has been estimated by Cardwell (1959) as
being not over 2,000 feet (600 meters) thick; however, Travis
(1952) estimated the total thickness of the Merced as being

only 500 feet (150 meters). Well log data developed during

the present study suggest that the Merced is at least 1,000 feet
(300 meters) thick.

Water Quality. Ground water in the Merced Formation is of
excellent quality and varies from calcium bicarbonate and mag-
nesium bicarbonate to sodium bicarbonate in composition.
Typical conductivities range from 140 to 420 micromhos. Wells
tapping unoxidized (blue) sandstone may yield water contailning
excessive amounts of iron and manganese.

Well Yield. The Merced Formation produces large quantities of
ground water. The specific yield of the formation ranges from
10 to 20 percent, an unusually high value. This unigh specific
yield is due to the preponderance of even-grained sand found

in wells to depths of over 400 feet (120 meters). Yields of
wells tapping this formation frequently produce from 20 to

1,000 gpm (76 to 3,780 1/m); drawdowns are minimal, usually

from 10 to 150 feet (3 to U5 meters). Domestic wells perforated
for only a short distance produce adequate yields for household
use, even 1f wells are located on adjacent lots and lot size is
minimal. Deep wells, usually irrigation or municipal, typilcally
are gravel-packed.
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Specific capacities of wells, based on bailer tests, indicate

that the Merced sands yield about 0.1 to 5.0 gpm per foot

(1.2 to 62 1/m per meter) of drawdown. For example, one

well drilled glong Liberty Road west of Petaluma had a total

depth of 163 feet (49 meters). Of this depth, 160 feet (48
meters) was ldgged as "yellow sand, blue sand, sandstone ledges,
and streaks of shells". Tested with a bailer, the well yielded

30 gpm (113 1/m) with a drawdown of 110 feet (34 meters); the
standing water level was at a depth of 40 feet (12 meters).

These data indicate a specific capacity of 0.27 gpm per foot

(3.3 1/m per meter) of drawdown. Farther north, a 385-foot
(117-meter) domestic well was drilled on Baker Lane, near
Sebastopol. The first 3 feet (0.9 meters) was reported to be
"topsoil"; the remaining depth of the well was reported as "sand,
yellow sandstone, and blue sandstone", Blank casing was installed
in the well t¢ a depth of 270 feet (82 meters). Tested with a
bailer, the well produced 16 gpm (60 1/m), with a 30-foot (9-meter)
drawdown. The depth to standing water was reported to be 50 feet
(15 meters). .These data indicate that the specific capacity

of the well was 0.53 gpm per foot (6.6 1/m per meter) of drawdown.

Reported standing water levels ranged from 35 to 60 feet (11 to
18 meters). Statements from well owners in the area indicate
that water levels decline markedly during the summer months and
many wells go.dry by early fall. On the basls of an approximate
areal extent of 8,000 acres (3,200 hectares) and an average
saturated thickness of 50 feet (15 meters), the Ohlson Ranch
Formation has;an estimated maximum storage capacity of about
25,000 acre-feet (30 hm3). This total probably is significantly
less when watér levels have declined to thelr lowest levels.

Glen Ellen Formation

General Chara¢ter. The Glen Ellen Formation is of Plio-Pleistocene
age and was first described by Weaver (1949) from outcroppings

of poorly sorted clays, sands, gravels, and cobbles occurring
near Glen Ellen in the upper part of Sonoma Valley. Not always
recognized as a separate formation, the Glen Ellen Formation also
has been identified as the "Fresh-Water Merced" by Johnson (1934),
the upper part of the "Sonoma Group" by Gealey (1951), and as
"Older Alluvium" by Travis (1952). Later work by Cardwell

(1958), Kunkel and Upson {(1960), and Cardwell (1965) fully

defined the feormation and its mapped area to its present limit.
Exposures of the Glen Ellen Formation, as now mapped, extend

from near Sonoma, on the south, through the central part of the
Santa Reosa Plain, to Alexander Valley and Dry Creek Valley on

the north. '

The Glen Ellen Formation is composed of an extremely hetero-
geneous mixture of pale buff clay, silt, sand, and gravel; some
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lignite has been noted. Many beds grade laterally from coarse
gravels into clay. The coarse materials are usually of andesitic
composition, although some obsidian is present. Particle size
ranges up to 6 inches (15 centimeters) in diameter. Near the
town of Glen Ellen, a section of the Glen Ellen Formation was
measured by Cardwell (1958). The section had a total thickness
of 68 feet (21 meters); 18 feet (5 meters) of seetion was com-
posed of fine to coarse-grained cross-bedded sandstone and con-
glomerate, the remainder being siltstone with lenses of coarse
sand and pebbles. Beds of coarse pebble conglomerate occur in
the Rincon Valley area. These beds dip nearly virtically and
are believed by Cardwell (1958) to cause artesian conditions

in wells located in Township 7 North, Range 7 East, Sections 8
and 9.

The Glen Ellen Formation is up to 3,000 feet (900 meters) thick,
It has been deposited in several parallel troughs as a deposit
of coelescing piedmont and valley alluvial fans; some clayey
portions were deposited in a lagoonal environment. Much of the
Glen Ellen overlies the Sonoma Volcanics with some degree of
unconformity. At a few localities it is intercalated with
volcanic materials belonging to the Sonoma Volecanics. Likewlse,
much of the Glen Ellen is known to unconformably overlie sedi-
ments of the Merced Formation. Some beds of the continental
Glen Ellen, however, are interfingered with beds of the marine
Merced Formation. In a few areas, beds of the Glen Ellen
directly overilie nonwater-bearing rocks of the Franciscan Group.
In the lower Sonoma Valley area, the sediments of the Glen

Ellen Formation are believed by Kunkel and Upson (1960) to grade
iaterally into beds of the contemporaneous Huichica Formation.

Water Quality. Ground water in the Glen Ellen Formation has

a greater range of character than any other formation in Sonoma
County. Some of the best and some of the poorest quality water
is obtained from this formation. Wells generally 100 feet

(30 meters) deep yield a magnesium-bicarbonate water of
moderately good quality; unusually high content of nitrate ion
may be present.  Wells up to 800 feet (243 meters) in depth
yield a moderately good quality sodium bicarbonate water. Very
deep wells, such as those greater than 1,000 feet (300 meters),
yield a pocorer quality sodium bicarbonate water.

At scattered localities throughout the formation, boron con-
centrations of up to 1.0 mg/l have been reported, as has water
containing over 90 percent sodium.

Well Yield. The Glen Ellen Formation is highly variable in
its water-yielding capability. 1In the Santa Rosa Plain area,
wells tapping this formation generally yield adequate supplies
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for domestic use, stock watering, or limited irrigation. Yields
usually range: from 15 to 30 gpm (57 to 113 1/m), with drawdowns
of about 10 to 50 feet (3 to 15 meters). Specific capacities
based on bailer tests range from 0.5 to 20.0 gpm per foot

(6 to 248 1/m per meter) of drawdown.

The highly variable nature of the formation is indicated by yield
data from two! wells in Section 12, Township 7 North, Range 7 West.
One well near Piner Road produced 40 gpm (151 1/m)} with a 2-foot
(0.6-meter) drawdown. The standing water level in this 102-foot
(31-meter) well was reported to be 10 feet (3 meters)}. The well
log indicated; a total of 17 feet (5 meters) of "large gravel and
sand", with the remainder being "sandy clay, blue clay, and gray
clay". i

A short distance west on Willowside Road, a well of 128-foot
(39-meter) depth was drilled. On test, this well produced 20 gpm
(76 1/m) with a 71-foot (22-meter) drawdown. The standing

water level was 13 feet (3.9 meters). The log of the well
indicated 3 fleet (1 meter) of "brown sand with small gravel"

with the remainder being "brown clay, blue clay, and blue sandy
clay with gravel".

Near the towny of Glen Ellen, the formation yields somewhat less
water than in the Santa Rosa Plain. Here again, however, yields
are unpredictiable. For example, along Henno Road, a well was
drilled to 380 feet (116 meters) in alternating zones of
"cemented gravel, yellow clay, brown shale, and clay gravel'.
Tested with a bailer, the well produced 20 gpm (76 1/m), with

a drawdown ofl 16 feet (4.8 meters); standing water was recorded
at a depth of 49 feet (15 meters). Also along Henno Road,

three more holes were drilled to 23, 97, and 150 feet (7, 30,
and 46 meters); all were dry. On the same property, three more
holes were drilled to 82, 200, and 322 feet (25, 61, and 98 meters).
Each was tested and found to produce only 1 gpm (3.8 1/m); each
was subsequently abandoned.

To the north, in Kenwood and Rincon Valleys, yields from the

Glen Ellen Formation are not much better. One 280-foot (85-

meter) well drilled on Fairway Court yielded only 30 gpm (113 1/m),
with a drawdown of 210 feet (64 meters); standing water was

at a depth of 30 feet (9 meters). The well log indicated

that a successive sequence of clay and cemented gravels was
intercepted. . Most successful wells drilled in the Glen Ellen
Formation in the Rincon Valley, Kenwood Valley, and Valley of

the Moon areas tap the underlying, more prolific water-bearing
materials of the Sonoma Volcanics.

A great thickness of Glen Ellen materials occurs in the Windsor

area. Here, well yields range from 15 to 40 gpm (57 to 151 1/m)
for most wells. Drawdowns are less than 50 feet (15 meters)
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with depths to water usually being less than 100 feet (30 meters).
The highly variable nature of the water-yielding characteristics
of the materials is illustrated by the productivity of two nearby
gravel-packed wells in the vicinity of Piner Road and Gerhard
Drive. One well is 122 feet (37 meters) deep and when tested
with a bailler, yielded 30 gpm (113 1/m), with a 65-foot (20-meter)
drawdown. Its specific capacity was 0.47 gpm per foot (5.8 1/m
per meter) of drawdown. The well log indicated that the well
penetrated a succession of blue clay, brown clay, and blue sandy
clay, with streaks of gravel in the perforated interval. The
other well is 102 feet (31 meters) deep and is perforated from

42 feet (12.8 meters) to bottom. The log indicates that in

the perforated interval the well penetrated 49 feet (15 meters)

of brown sandy clay, gray clay, and blue clay, and also 10 feet

(3 meters) of large gravel and blue sand. Tested with a bailer,
the well yielded 40 gpm (151 1/m, with a drawdown of 2 feet

(0.6 meter). The specific capacity of this well is 20.0 gpm

per foot (248 1/m per meter) of drawdown. Standing water in

this well was reported as being 10 feet (3 meters).

Deeper wells in the Windsor area are capable of yielding upwards

of 500 gpm (1,890 1/m), as shown by the log of a 400-foot (l22-meter)
well drilled near Hembree Lane. The well intercepted 78 feet

(24 meters) of blue sand and gravel. A 72-hour pump test was

made on the well, and it produced 500 gpm (1,890 1/m), with a draw-
down of 72 feet (21.9 meters). The specific capacity was found

to be 3.7 gpm per foot (45.8 1/m per meter) of drawdown.

The hills east of Windsor contain a number of areas where sediments
of the Glen Ellen Formation are exposed. Wells here, such as
along Calistoga Road and Chalk Hill Road, produce from 10 to

over 100 gpm (38 to over 378 1/m), with drawdowns ranging from

10 to 200 feet (3 to 60 meters). Specific capacities range from
0.2 to 6.2 gpm per foot (2.5 to 76.9 1/m per meter) of drawdown.
One well was drilled near Reible Rcad to a depth of 135 feet

(41 meters). The well penetrated sandstone from a depth of

71 feet (22 meters) to bottom. It was reported that the well

had an artesian flow of approximately 80 gpm (302 1/m) at the time
of construction.

Well yields from the Glen Ellen Formation in the Alexander
Valley area tend to be about the same as at wells tapping this
formation in other areas. Yields range from 3 gpm (11 1/m)

to over 3C gpm (113 1/m), with drawdowns from 20 to 85 feet

(6 to 26 meters); specific capacities range from 0.05 to 1.5 gpm
per foot (0.6 to 18.6 1/m per meter) of drawdown.

Along Lytton Springs Road, well yields from the Glen Ellen
Formation are extremely variable. The lowest yield was from
a 198-foot (60-meter) well, which produced 20 gpm (76 1/m),
with a drawdown of 35 feet (11 meters); standing water was at
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115 feet (3% meters), and the specific capacity was 0.57 gpm per
foot (7.1 1/m per meter) of drawdown. In contrast, another well
drilled along Lytton Springs Road went to only 76 feet (23 meters),
of which the ihterval from 33 to 76 feet (10 to 23 meters) was
reported to be' "coarse cemented gravels, blue sandy clay, and
cemented blue gravels with loose streaks". Tested wilth a bailer,
the well produced 50 gpm (189 1/m) with a drawdown of only 1 foot
(0.3 meter); the depth to standing water was reported as 27 feet
(8.2 meters).

+ Huichica Formation

General Character. The Huichica Formation is of Pleistocene

age and was named by Weaver (1949). The formation occurs only

in a small area in the far southeastern portion of Scnoma County.
The formation is of somewhat greater areal extent in adjacent areas
of Napa County; and its type locality as described by Weaver
(1949), is along Huichica Creek a short distance east of the
Sonoma-Napa County line.

The Huichica Formation consists of deformed continental beds,
with a maximum thickness estimated by Kunkel and Upson (1960)

to be at least' 900 feet (275 meters). The beds were deposited
as alluvial fans that drained a highland to the north composed
of Sonoma Volcanics., Hence, the formation consists of reworked
tuff, weathered volcanic clay, silt, and similar materials;
particles of pumice are common throughout the basal 200 feet (61
meters) of thel formation. The beds are all poorly sorted and
cross—-bedding is locally abundant.

The Huichica Fprmation is of Pleistocene age and overlies the
truncated beds: of the Sonoma Volcanies. To the northwest it

interfingers with the beds of the contemporaneous Glen Ellen

Formation. i

Water Quality. Only one analysis is available from a well tapping
the Huilchilica Formation. This well produces a sodium bicarbonate
ground water that contains 230 mg/1 sodium ion. With an elec-
trical conductivity of 1,100 micromhos, the water is classed

as having a high salinity and high sodium hazard.

Well Yield. The Huichica Formation is considered to be a poor
producer of ground water. According to Kunkel and Upson (1960),
scme wells tapping the Huichica Formation do not yield sufficient
water even for domestic use., Well production data are available
from five wellk tapping this formation. Yields range from 10

to 100 gpm (38 to 378 1/m) with drawdowns ranging from 50 to 250
feet (15 to 76:meters). The specific capacities of these wells
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range from 0.04 to 1.1 gpm per foot (0.5 to 13.6 1/m per meter)
of drawdown. One well, located near the intersection of Napa
Road and State Sign Route 121, was drilled to a depth of 750 feet
(229 meters). The log of the well indicates "blue sticky clay,
yellow sticky clay, sand and gravel, gray clay, and tule mug”

to a depth of 423 feet (129 meters). Below this are "blue
shattered rock, red clay, and cemented sand and gravel™ to a
depth of 680 feet (207 meters), below which is basalt to the
bottom of the well. A notation on the bottom of the well log

indicates, "Flow began at 423 feet (129 meters), big flow is
of f the bottom".

Another well was drilled in the Huichiea Formation along Ramal
Road. 'This well went to a depth of 500 feet (152 meters) in a
zone of brown clay, sand and gravel. Prior to testing, the well
was reported to be flowing. Tested for 12 hours, the well pro-
duced 50 gpm (189 1/m), with a drawdown of 200 feet (61 meters).
A notation on the well log indicates that the ground water in
this well contained boron, and the well was capped.

Unconsolidated Materials

The unconsolidated materials are present in a great diversity of
grain size, from coarse-grained stream channel deposits to the
finest-grained materials occurring in basin areas. Included
with these materials are such diverse deposits as alluvial fans,
landslides, and both stream and marine terrace deposits. Each
of the unconsolidated materials is briefly described below.

Older Alluvium. Older alluvium occurs in Sonoma Valley,
Petaluma Valley, and in various parts of the Santa Rosa Plain.
The older alluvium consists of lenticular beds of reddish brown,
compacted silty clay, silt, sand, and gravel; hardpan and clay-
pan frequently are present. The older alluvium is of Pleistocene
to Holocene age and overlies the Glen Ellen and Huichica Forma-
tions. According to Cardwell (1958), the older alluvium may be
correlative to a part of the Glen Ellen Formation. Cardwell
(1958) reported the older alluvium as being up to 200 feet

(61 meters) in thickness in the Santa Rosa-Petaluma area;

Kunkel and Upson (1960) believed the older alluvium attained

a maximum thickness of 500 feet (152 meters) in Sonoma Valley.

Ground water in the older alluvium is a moderately hard sodium-
magnesium-bicarbonate water.

The older alluvium is not g prolific prcducer of ground water,
and wells located on this unit usually produce from underlying
materials. For example, a 50-foot (15-meter) well drilled near
the intersection of Seventh Street East and East MacArthur
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Street, southeast of Sonoma, went through a sequence of gray
clay, yellow clay, and cemented gravel. Tested with a bailer,
the well produged only 0.33 gpm (1.2 1/m). A nearby well,
drilled near East Fifth Street and Denmark Street, went to a
depth of 310 fdet (94 meters). After passing through a sequence
of brown, yellaw, and blue clay from a depth of 58 to 300 feet
(18 to 91 meteris), the well entered a 10-foot (3-meter) zone of
medium sand. On test, the well produced 30 gpm (113 1/m) with

a drawdown of 100 feet (30 meters).

Marine Terraces. Deposlits of poorly consolidated silt, sand,
and gravel occur as discontinuous terraces along the Sonoma
coast from Bodega Bay north to the Gualala River. The deposits
are from 25 to 50 feet (7 to 14 meters) in thickness and are of
Pleistocene to Holccene age. Marine terraces have been formed
at a time that sea level stood higher than at present. In some
places, notably in the vicinity of Salt Pecint and Ccean Cove,
several distinct terrace levels may be seen. Median elevations
for the variousg terraces in this area are 100, 300, 500, 700,
and 900 feet (30, 91, 152, 213, and 274 meters). The presence
of the uppermecdgt fterraces at elevations of 700 and 900 feet
(213 and 274 maters) suggests vertical movement since deposition
in connection with an emerging coastline,

Near Salt Point, a number of wells have been drilled in the area
of the terraces. All of these pass through the terraces and
bottom some distance intc the underlying Tertiary marine sedi-
ments. Water levels in these wells usually are at or near the
contact with the underlying rock, suggesting that the terraces
are nearly all drained. Farther south, near Bodega Bay, shallow
wells produce ground water from the marine terraces. Thronson
(1963) estimatdd that the marine terraces contained only 2,700
acre-feet (3.3 'hm3) of ground water in storage. There are no
data available concerning the quality of ground water contained
in the marine terraces. Ground water contained therein should
be potable unless affected by mineralized water derived from
underlying sources.

Terrace Deposits. River terrace deposits of Pleistocene to
Holocene age occur adjacent to the Russian River and Dry Creek,.
The deposits are discontinuous and consist of unconsclidated,
cross-bedded deposits of sand and gravel that may be up to 200
feet (61 meters) thick. Some terraces overlie Franciscan rocks;
others are underlain by Sonoma Volcanics and Glen Ellen sedlments.
The terrace deposits were formed when streams were at a higher
grade level that at present. They were formed as alluvial fan

or stream chanrijel depcesits and have been left iscolated as the
grade level in ;streams dropped.
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Most terrace deposits may yield adequate quantities of ground
water for domestic purposes, except where perched on top of
knolls and thus drained. Along Dry Creek, several domestic wells
have been completed in the terrace deposits. The wells range
from 45 to 70 feet (14 to 21 meters) in depth. Yields range
from 10 to 60 gpm (38 to 227 1/m), with reported drawdowns being
from 0 to 10 feet (3 meters). The standing water level in these
wells ranges from 10 to 20 feet (3 to 6 meters) below ground.

In this same area, a well was drilled through the terrace
deposits and completed in the underlying Glen Ellen Formation.
This well yielded 175 gpm (663 1/m), with a drawdown of 40 feet
, {12 meters); the reported standing water level was 180 feet

- (54.8 meters).

The quality of ground water in the terrace deposits generally
is excellent. The water is a sodium to magnesium-bicarbonate
water.

Alluvial Fans. Alluvial fan deposits occur along the eastern
side of the Santa Rosa Plain; minor fan areas also occur in
Sonoma Valley and Alexander Valley. The alluvial fans are
composed of a heterogeneous mixture of unconsolidated, poorly
sorted gravel, sand, silt, and clay deposited by active streams
draining the adjacent mountainous areas. The fan deposits are
of Holocene age and range in thickness from 50 to over 200 feet
(14 to over 60 meters).

Yields of wells drilled into the alluvial fan deposits are
adequate for most domestic needs. One well drilled along
Petaluma Hill Road went to a depth of 150 feet (46 meters) in
yellow clay, boulders, and rocks. On test, the well produced

10 gpm (38 1/m), with a drawdown of 60 feet (18 meters). The
standing water level was 50 feet (15 meters). Other wells in
the vicinity produce somewhat less water due to intercepting
less coarse material. At Sonoma State College, wells have been
drilled to depths of 400 to 450 feet (122 to 137 meters) in the
alluvial fan deposits and the underlying materials. These wells
produce from 550 to 600 gpm (2,079 to 2,268 1/m), with drawdowns
on the order of 85 feet (26 meters).

The water produced from the alluvial fans is hard and is of
magnesium bicarbonate composition.

Younger Alluvium. Unconsolidated alluvium, consisting of beds
and stringers of gravel, sand, silt, and clay, occurs in all
valley areas of Sonoma County. The deposits are of Holocene
age and were formed as floodplain deposits from such streams

as Scnoma Creek, Santa Rosa Creek, and the Russian River. The
alluvium usually ranges from 30 to 150 feet (9 to 45 meters)
thick, and is highly variable in composition. According to
Cardwell (1958), the alluvium may be up to 300 feet (91 meters)
thick along Petaluma Creek.
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Well yields are highly variable in the alluvium. In the

Petaluma area, ylelds range from 10 to 40 gpm (38 to 151 1/m).

A well drillied in the alluvium along Casa Grande Road went to

83 feet (25 meters) in mixed clay, gravel, and cemented gravel.
The well produced 40 gpm (151 1/m), with a drawdown of 50 feet
(15 meters).: The standing water level was 27 feet (8.2 meters).
In contrast, ‘wells in the alluvium in areas along the Russian
River, such d4s in Alexander and Cloverdale Valleys, produce large
amounts of water. An example of this is a well drilled in cemented
and loose gravels along River Road near Cloverdale. The well

is 140 feet (%2 meters) deep and produces 140 gpm (529 1/m), with
no measurable drawdown. Standing water is at a depth of 14 feet
(4.2 meters).

Ground water in the alluvium is generally of excellent quality.
In the Petaluma area, Well No., 5N/TW-28A2 produces from the
alluvium. The well is 99 feet (30 meters) deep and produces an
excellent quality calclum-bicarbonate water. Near Cloverdale,
Well No. 11N/10W-17Cl, which is 15 feet (4.5 meters) deep, also
produces an excellent quality calcium-bicarbonate water.

Landslides. Many landslides occur in the Franciscan terrain

in the northwestern and northeastern part of Sonoma County.

The depcsits occur on steep slopes and are composed of & hetero-
geneous mixture of broken rock, clay, and some pebbles, cobbles,
and boulders. Large blocks of Franciscan rock up to 30 feet

(9 meters) across are not uncommon. Only the major landslides
are shown on Plate 1; smaller slides are not shown. All slides
are in some degree of failure, thus they are unstable and serve
as poor foundations for roads and structures. Many slides have
small ponds ¢ccupying the depressions at their heads; springs
and seeps commonly occur along the toe areas.

A few wells have been drilled into the larger slide areas north-
east of Cloverdale. These wells passed entirely through the
slide area and presumably entered stable rock at depths of about
175 to 200 feet (53 to 61 meters). The intervening area was
reported as a mixture of fractured rock, brown sandy clay, red
clay, and "serpentine clay". One well has a yield of 40 gpm
(151 1/m), with no drawdown; the standing water level was at

40 feet (12 meters). Another well yielded 50 gpm (189 1/m}

and was reported to be flowing. Although no water quality data
are available for wells in landslides, the ground water in the
landslides i3 believed to be an excellent quality sodium- to
magnesium-bic¢arbonate water.

Stream Channél Deposits. Deposits of coarse sand and gravel
occur along the Russian River, Dry Creek, and other active
streams in Sénoma County. The deposits are highly permeable and
range in depth to 100 feet (30 meters). South of Healdsburg,
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a well completed in the stream channel deposits produces 350 gpm
(1,323 1/m) with a drawdown of 3 feet (1 meter); the specific
capacity of this well is 117 gpm per foot (1,323 1/m per meter) of
drawdown. According to Cardwell (1965), test wells drilled for
the Sonoma County Water Agency near Wohler Bridge (8N/9W-29L)
showed 53 to 85 feet (16 to 26 meters) of clean river sand and
gravel. Tests at these wells indicated that the stream channel
deposits had an average transmissivity of 850,000 gpd per foot
(10,540 square meters).

Water quality data for ground water in the stream channel
deposits are lacking. However, the water is presumed to be of
the same quality as that in the adjacent stream.

Sand Dunes. Deposits of coastal dunes occur west of Bodega
Harbor and at scattered localities along the coast north to the
Gualala River. The dunes are composed of two basic types.
Younger dunes are formed of loose, eolian sand that 1s deposited
by the ocean and formed into dunes by the winds. Although highly
permeable, the dunes contain little ground water. Some salt
crystals may be present dispersed throughout the sand. Older
dunes -- those with a cover of salt grass and other coastal
plants -- occur some distance inland. The dunes have been arrested
in their migration; they contain some lenses of silty clay.
Ground water contained within these older dunes may be fresh

and also may be perched over saline water.

No well yield data are available for wells drilled in the dune
areas. Most dune areas apparently contain little usable ground
water. Where ground water is present, wells probably produce
adequate ground water for domestic use. Water levels in these
wells may fluctuate markedly with the seasons, because long, dry
periods will drastically lower the potentiometric surface of
water in the dunes. The quality of ground water in the sand dune
area 1s affected by adjacent bodies of salt water.

Bay Mud Deposits. Bay mud deposits occur in tidal areas of
the lower Sonoma Valley and Petaluma Valley; a small area of
bay mud also occurs on the west side of Bodega Bay. The bay
mud deposits are composed of organic clay, silt, and fine sand;
peat and decomposed tules may be present. The deposits have
been formed from flocculation of turbid water flowing down the
streams draining the adjacent highlands and also by natural
deposition on the floor of San Pablo and Bodega Bay. The deposits
are up to several hundred feet thick and are underlain by more
consolidated deposits of older alluvium, Huichica Formation,
Petaluma Formation, and Franciscan rocks. The deposits of bay
mud, where exposed on land, range from fairly stiff to soft;
after working, they are subject to heaving. On the floor of

San Pablc Bay, the bay mud deposits range downward from ocoze to
soft fetid clay.
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The bay mud is not considered a reliable source of potable ground
water. Two wells were drilled in the bay mud deposits north of
Midshipman Pofint on San Pablo Bay. One well went to a depth of
30 feet (9 meﬁers) in gumbo and brown sandy gravel. It produced
1 gpm (3.8 1/m) with a drawdown of 19 feet (5.8 meters); the
standing watepr level was 8 feet (2.4 meters). A nearby well was
drilled to a depth of 239 feet (73 meters) and was completed in
underlying materials. This well produced 40 gpm (151 1/m), with
a drawdown of 25 feet (7.6 meters); the standing water was

30 feet (9 meters). The U. S. Navy Skaggs Island facility has
several wells situated on bay mud deposits. All are completed

in the underlying Hulchica and related materials. These wells
produce excellent quality sodium-bicarbonate water in contrast

to shallow wells in the bay mud, which produce poor quality sodium
chloride watel.

Geologic Structure and its Effect on Ground Water

Structural features in the nonwater-bearing rocks of Sonoma County
generally have little effect on movement or quality of ground
water. Conversely, features in the water-bearing materials may
act as barriers to ground water movement, as controlling features
for the direcition of ground water movement, and as source areas
for certain mineral constituents found in ground water. Each

of the two basic types of geologic structures, folds and faults,
are briefly discussed below.

Folds

Several anticlines in the water-bearing materials are identified
on Plate 1. 'The Washoe Anticline was named by Weaver (1949) for
a structure in Merced sediments and Sonoma volcanics along Washoe
Creek, west of Cotati. The anticline extends from the Denman
Flat area northwesterly toward Gossage Creek, a distance of

about 6 miles (10 kilometers). Meacham Hill lies parallel to

and immediately west of the axis of the anticline. The limbs

of the anticline are undulatory, and it branches intc several
parallel folds to the north. The anticline forms part of the
southwestern boundary of the Santa Rosa ground water basin.

To the southeast 1s the Adobe Creek Anticline, also named by
Weaver (1949). This feature is entirely within the Petaluma
Formation and has a northwest-southeast strike parallel to the
grain of the regional structure. The axis of this anticline
presumably forms part of the northeastern boundary of the Petaluma
ground water basin.

There are three synclines in Sonoma County which have some

effect on the movement of ground water. The Windsor Syncline,
named by Gealey (1950), is responsible for the formation of the
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topographic feature called the Santa Rosa Plain. The axis of
this synecline runs from the vicinity of Rohnert Park north-
westerly through Windsor toward Healdsburg. At the north end
the syncline is an asymmetrical downwarp, with gentle dips on
the west side and steeper dips coupled with some faulting on the
east side. South of Mark West Creek the syncline becomes very
complicated on the eastern side, as secondary folding and
faulting has taken place. Another downfold in the water-bearing
materials is the Kenwood Syncline. This structural feature runs
from the vicinity of Glen Ellen northwesterly through Rincon
Valley. Sediments of the Glen Ellen Formation are exposed on
the flanks of the syncline, with the axlal area being composed
of Holocene alluvial materials.

In addition to the structural features in the Tertiary and
Quaternary materials, there also is a syncline in the older Dry
Creek conglomerate which affects ground water movement. This
feature is the Geyserville Syncline, named by Gealey (1950).
Folding has deformed the Cretaceous beds into a northwest-trending
syncline which extends from near Geyserville northwesterly

toward Dutcher Creek.

In all cases, anticlines and synclines affect the movement of
ground water by inducing ground water movement downslope along
the flanks of the features.

Faults

There are a great number of faults in Sonoma County, not all of
which are shown on Plate 1. A great number of faults occur in

the nonwater-bearing rock and because they have little effect on
ground water, mest are not shown on Plate 1. A few major faults
are shown because they could be sources of ground water moving
laterally along fracture zones. The faults of Soncma County

are of three basic types: lateral, vertical, and thrust. ILateral
faults are those which displace beds in a horizontal direction
with little or no vertical compcnent of movement. The San Andreas
Fault exhibits this type of movement. Vertical faults displace
beds in a vertical direction, and thrust faults move older forma-
tions over younger ones.

Faults can form barriers to ground water movement if impermeable
materials are brought into position opposite permeable, water-
bearing rocks. Furthermore, in relatively nonwater-bearing rocks,
faults can create shattered zones which could act as condults

for ground water movement. Ground water along scme faults may
contain slightly higher amounts of certain mineral constituents,
such as fluoride and boron.
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APPENDIX E

SOIL PERCOLATION TESTING CRITERIA

The following criteria for percolation test hole construction
and testing have been adopted by the Soncma County Public Health
Service:

Number and Type of Test Holes

Private sewage disposal systems require one soil core hole and

a minimum of three percolation test holes spaced uniformly through
the area of the proposed leach field (including leach field
expansion area). The percolation test holes shall be 6 to 8
inches (15 to 20 c¢m) in diameter and shall be of a depth as
specified in Table 24, below. The proposed depth of percolation
test holes must take into consideration whether subsequent grading
and removal of soil would require deeper testing. The soil core
hole shall be not less than 4 inches (10 em) in diameter and

shall be not less than 8 feet (2.4 m) in depth, if physically
possible.

Table 24

ﬁINIMUM DEPTHS OF PERCOLATION TEST HOLES

-
Average Ground : Minimum Depth
Slope :
{percent) : (feet) ;. (meters)
10 3.0 1.0
11 - 15 3.6 1.1
16 - 20 4.4 1.3
21 - 25 5.1 1.6
26 - 30 5.9 1.8
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Preparation of Percolation Test Holes

After all test holes have been dug, loose and slumped material
shall be removed from each hole and the walls of the holes care-
fully cleaned to expose the native in-place materials. At the
bottom of each test hole, a 2-inch (5-cm) layer of clean pea
gravel shall be placed, upon which is rested the end of a 3-inch
(7.5-cm) diameter section of perforated pipe. The annular space
between the outside of the pipe and the wall of the hole shall
then carefully be backfilled with clean pea gravel.

»

Presoaking of Percolation Test Holes

On the day prior to conducting the percolation tests, each test
hole shall be filled with clear water and then refilled at least
once and as many times as may be necessary to simulate actual
operating conditions.

Percolation-Rate Measurements

Percolation-rate measurements shall be made on the day following
the presoaking of the test holes, as follows:

1. When Water Remains from Presocaking: Record the inches of
water reamining in the hole, and adjust the water level to
12 inches (30 cm) above the bottom end of the pipe. Water
level measurements are then taken from the top of the pipe
tc the water level hourly for the next six hours.

2. When No Water Remains from Presoaking: Add clear water to
a depth of 12 inches (30 cm) above the bottom end of the
pipe. Measure the drop in water level hourly for the next
six hours. When the water drains completely from the hole
the first time, add water to a depth of 12 inches (30 cm);
thereafter, add water to a depth of 12 inches (30 cm) when-
ever the depth of water in the pipe is less than 3 inches

(7.5 cm).

3. VWhen Hole is Dry After the First 30 Minutes: Add clear water
to a depth of 12 inches (30 cm), and take water level measure-
ments every 10 minutes for a period of two hours. Add water
to a depth of 12 inches (30 cm) after hole is completely
drained the first time; thereafter, add water to a depth
of 12 inches (30 cm) whenever depth of water in the pipe
1s less than 3 inches (7.5 cm).

Percolation Rate

The drop in water level occurring between the fifth and sixth
measurements on the 6-hour tests and between the eleventh and
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twelfth measurements on the two-hour tests is considered to be
the stabilized percolation rate. The readings taken during the
prior periods provide information for any modification of the
stabilized perc¢olation rate.

Soil Core Hole

A detailed description of the soil profile shall be prepared
from the soil core hole. The description shall include informa-
tion on depth of topsoil, depth to ground water, if encountered,
and notations on any clayey material, hardpan, or rock strata.

Percolation Test Records

All percolation test data and information from the soll core

hole shall be bubmitted to the Scnoma County Public Health Service
on forms proviﬂed. Test records submitted for lot splits, pro-
posed subdivisions, and engineered plans for sewage disposal

shall include Written evluation and certification by a registered
civil engineer. Records submitted shall include a sketch or

map showing the location of the percolation test holes and the
soil core hole.

Wet Weather FPercolation Tests

Land with a slope of 5 percent or less, and also that of greater
than 5 percent. if underlain by soils with a significant shrink-
swell potential, require all percolation tests to be made:

(1) during the period from November 1 to March 1, (2) after a
total seasonal rainfall of 10 inches (25 cm) has occurred, and
(3) immediately after 0.8 inch (2 em) of rainfall has occurred
during a 48-hour period. Rainfall figures shall be as reported
by the Sonoma County Water Agency and based on readings taken

at the Sonoma County Administration Center in Santa Rosa.

ILeach Field Sites on Filled Land

Leach fields can be constructed on filled land provided the
following requirements are met:

1. A log of the soil materials and ground water ievel 1in the
area of the proposed filled land be prepared.

2. Soil percolation tests which fail to show a percolation
rate faster than 60 mpi (25 m/cm) at hole depths of
3 feet (1 m) may be retested in new holes in native soils
to a depth of 2 feet (0.65 m). Percolation rates in the
new holes must be greater than 60 mpi (25 m/cm).
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A1l leaching trenches require a minimum depth of 3 feet
(1-m) of permeable native soil, or a combination of not
less than 2 feet (0.65 m) of native soil and sufficient

%ermiable fill material to achleve a total depth of 3 feet
1 m).

The abscrptive quality of the fill material shall be equal
to, or better, than that of the native soll materials.
Sand, gravel, rock, or any mixtures thereof, do not consti-
tute acceptable fill material.

Site specifications for the £ill shall include that all
vegetation is to be removed and the ground surface prepared
to permit a good mixing of the native so0ll materilals and
the fill materials.

Filled land shall be constructed in layers not over 8 inches
(20 cm) thick to the same compaction as the native soil.

A soil compaction test shall be made, certified by a regilstered
civil engineer, and submitted to the Public Health Office.

The filled area shall equal 150 percent of the maximum area
required foer the leach field. The f£ill shall be of uniform
depth extending to a distance of 15 feet (5 m) in any direc-
tion from the center of any proposed leach trench. Where
installed on sloping ground, the fill shall provide a minimum
horizontal distance of 15 feet (5 m) between the nearest
leaching pipe and daylight. An additional area equal to

150 percent of the leach field area shall be reserved for
future expansicn. The expansion area is required to be
filled in the manner described above at the time of construc-
tion of the disposal system or, in the case of minor sub-
division (lot splits), of lots sized one acre (0.4 ha) or
less.
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APPENDIX F

WATER QUALITY CRITERIA

Criteria presented in the following sections can be used to
evaluate the quality of water relative to existing or anticipated
beneficial uses. It should be noted that these criteria are merely
guides to theéappraisal of water qualify. Except for those con-
stituents congidered toxic to human beings, these criteria should
be considered ias suggested limiting values. A water which exceeds
one or more of these limiting values need not be eliminated from
consideration as a source of supply, but other sources of better
quality water :should be investigated.

Domestic and Municipal Water Supply

The physical and chemical quality of drinking water is judged

in relation to a set of criteria contained in Title 17, Part 1,
Chapter 5, Subchapter 1, of the California Administrative Code
and also set forth by the Environmental Protection Agency (1975).

The physical characteristics that are recommended for limiting

in drinking water are: turbidity -- not to exceed 0.5 turbidity
units for water exposed to significant sewage hazards; color --
not to exceed ‘15 units on the cobalt scale; and odor -- not to

exceed 3 on the threshcld odor number.

Limiting concentrations for most mineral constituents in drinking
water are shown on Table 25, Upper limits for total selids,
electrical conductivity, chloride, and sulfate are shown on

Table 26. Limiting concentrations for fluoride are shown on
Table 27.

Although hardness is not included in any of the above standards,
it is important to domestic and industrial uses. Excessive hard-
ness in domestic water supplies causes increased consumption of
soap and formation of scales in pipes and fixtures. Table 28
shows the reldtive degrees of hardness in water.

Industrial Water Supply

The quality of water required by industry varies widely because
of the many purposes to which water is put. These requirements
are too variable to allow any broad generalization; however, for
most processesg, industry 1is generally willing to accept water
that meets drinking water standards. One factor that is of
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Table 25

LIMITING CONCENTRATIONS FOR 1/
MINERAL CONSTITUENTS IN DRINKING WATER-

(in mitligrams per liter)

Mineral Constituent Limiting Concentration

Arsenic 0.1021
Barium 1.0
Cadmium 0.01
Chromium (Hexavalent) 0.05
Copper 1.0
Cyanide 0.2
Iron 0.3
Lead 0.056
Manganese 0.06
Mercury 0.005
Nitrate-N + Nitrite-N 10.0
Selenium 0.01
Silver 0.05
Zinc 5.0

1/ Title 17, California Administrative Code, Part 1,
Chapter 5, Subchapter 1.

2/ ?.05 Tg/l proposed by Environmental Protection Agency
1975).
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Table 26

UPPER LIMITS FOR TOTAL SOLIDS, ELECTRICAL
CONDUCTIVITY, SULFATE, AND CHLORIDE 1IN

DRINKING WATERY

: :  Short-Term
Recommended : Upper : Upper
Limit :  Limit Limit
Total solids, mg/1 500 1,000 1,500
Electrical conductivity,
micromhos 800 1,600 2,400
Sulfate, mg/1 250 500 600

Chloride, mg/] . 250 500 600

1/ Title 17, California Administrative Code, Part 1, Chapter 5,
Subchapter 1.

Table 27

LIMITING CONCENTRATION FORI/
FLUORIDE IN DRINKING WATER-

R R Tl T

(°F) (°C) Lower . Optimum __ : _ Upper
50 - 54 10 - 12 0.9 1.2 1.7
55 - 58 18 - 14 0.8 1.1 1.5
59 - 64 15 - 18 0.8 1.0 1.3
65 - 71 19 - 21 0.7 0.9 1.2
72 - 79 22 - 26 0.7 0.8 1.0
80 - 81 o ar 0.6 0.7 0.8

1/ Title 17, California Administrative Code, Part 1, Chapter 5,
Subchapter 1.

2/ Based on temperature data obtained for a minimum of five years.

3/ The average concentration of fluoride during any one month, if added,
shall not exceed the upper 1imit, and if occurring naturally, shall
not exceed twice the optimum,
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Table 28

RELATIVE DEGREES OF HARDNESS
OF DRINKING WATER

Range of Hardness

Expressed as CaC0j ; Relative
(in mg/1) . Classification
0 - 100 Soft
‘ 101 - 200 Moderately hard
Greater than 200 Hard

primary importance to most industries is that the concentrations
of the various mineral constitutents in water be relatively
constant because variations in concentrations of constituents
usually require continued attention and added expense.

Agricultural Water Supply

The concentration of salts in irrigation water is rarely high
enough to cause immediate injury to crops. Good soil drainage
is probably more important to crop growth because even when
excellent-quality water is applied, poorly drained land could
go out of production due to the salt build-up in water retained
in the soil. The continual concentration of salts in the soill
solution is the result of evapotranspiration by plants which
use only the water fraction, leaving the salts behind. The
soil solution can be rendered less saline only by downward
leaching and by periodic application of less saline water.

A discussion of the quality of irrigation water must include

the effects that the mineral constitutents contained in the water
will have on both the plant and the soil. Potential detrimental
effects on plant growth by salts occur in three areas: physlcal,
chemical, and indirect. The physical effect that applied water
has on plants is by the suppression of water uptake, 1.e., the
osmotic effect; the chemical effect is on the metabolic reactions
of the plants to the mineral constituents in the water, i.e.,

the toxic effects; and the indirect effect occurs through changes
in soil structure, permeability, and aeration.

Because of all of the variables involved, a classification of
irrigation water cannot be rigidly set. A set of water quality
guidelines has been proposed by Ayers and Branson (1974). These
guidelines, which are shown on Table 2%, show recommended limits
for irrigation water as well as for water used for livestock and
poultry.
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Table 29

GUIDELINES FOR INTERPRETATION OF 1/
QUALITY OF WATER FOR AGRICULTURAL USESH

Water Quality Guidelines

Type bf Water

-No

Problem

Increasing
Problems

Severe

Problems

v Irrigation Water

Salinity

Conductance in micromhos
at 25°C

Permeability

Conductance in micromhos
at 25°C

Sodijum adsorption ratio

Specific ion taxicity,
root adsorption

Sodium adsorption ratio
| Chloride, mg/1

Boron, mg/1
Specific ion toxicity,

foliar adsorption
(sprinklers)

Sodium, mg/1
Chloride, mg/1

Stock Water

Livestock
Total dissolved solids, mg/]

Poultry
Total dissolved solids, mg/1

<7580

>500

<6

<3

<142

<0.

<69

<106

<3, 000

<3,000

750-3,000

200-500

6-9

3-8
142-3560

0,86-2,0

>69

>106

3,000-7,000

3,000-5,000

>3, 000

<200

>

>3
>366

>2.0

>7,000

>5,000

1

After Ayers and Branson (1974).
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